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SOCIAL AND FAMILIAL RISK FACTORS FOR DRINKING INITIATION 
AND AFFECTIVE RESPONSE TO MARIJUANA USE 
CRAIG STUART ROSS 
Boston University School of Public Health, 2014 
Major Professor: Daniel Brooks, OS c., Associate Professor of Epidemiology 
ABSTRACT 
Early initiation of substance use increases risks for abuse, injury, 
dependence, and death for young people around the globe. When substances 
are used for affect regulation, there is a risk of escalating use. This dissertation 
examines social and familial risk factors for initiation of alcohol use, and the 
affective response to marijuana use in naturalistic settings. 
In study #1, we explored the prospective association between television 
advertising for alcoholic beverages, changes in alcohol expectancies, and 
initiation of drinking over 12 months. We found that alcohol expectancies and the 
odds of drinking initiation increased over 12 months as a non-linear function of 
advertising exposure for boys. 
In study #2, we examined the association between adolescent freedoms 
and drinking initiation. We found that adolescents who were free to set their own 
bedtimes on weeknights had (odds ratio, 95% confidence interval) 1.53 
(1.27, 1.86) higher odds of drinking initiation. We found that associations varied 
by sex for freedoms regarding companionship and weekend curfews. Notably, 
we found that boys who were granted the freedom to choose their own time to 
ix 
come home on weekends had 0.63 (0.47-0.85) times lower odds of drinking 
initiation within 12 months while girls had 1.30 (0.97-1 .73) times increased odds. 
In study #3, we used both correlated data analysis methods and a case-
crossover design to analyze data from an Ecological Momentary Assessment 
study examining changes in momentary affect following marijuana use. We found 
that negative affect was higher following marijuana use compared to background 
times, except for times when marijuana was being used to cope or conform. We 
found positive affect increased following marijuana use for persons with cannabis 
dependence but decreased otherwise. Further, we found that extremes of 
negative and positive affect were more likely to be experienced following 
marijuana use relative to background time periods. 
Our findings regarding alcohol advertising may inform efforts to ban 
alcohol advertising in countries including Finland and South Africa, while the 
findings relating to adolescent freedoms may improve parent education programs 
regarding underage drinking. Finally, improved understanding of the affective 
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INTRODUCTION 
Chronic diseases are the leading causes of death and disability in every 
corner of the globe, 1 and these diseases share a single common risk factor: 
adolescence. Technically, they share four common risk factors: tobacco smoking, 
lack of physical activity, excessive alcohol consumption, and poor diet. 1•2 
However, each of these risk factors for chronic disease is a health behavior with 
its roots in adolescence.3-9 This dissertation is grounded in a foundational 
proposition: that attempts to address the world's chronic disease epidemic must 
begin with a focus on adolescent health behaviors. While adolescent smoking , 
physical activity, and diet each merit study for their contribution to the world's 
chronic disease burden, alcohol holds a special distinction. 
Adolescence is a period of physical, cognitive, behavioral, and social 
transitions when a child moves from parent to peer intimacy, from conformance 
to individualism, and from child to adult behaviors- all in pursuit of an adult 
identity.10-14 Unfortunately, in many societies alcohol consumption has become 
emblematic of the achievement of adult status. 13·15·16 
Alcohol is a most curious product to anoint with such a special status. 
Alcohol is the number one global risk factor for death and disability among young 
people. 1 It is a substance which, when consumed in early adolescence, has been 
shown to increase the risk of traffic fatalities, 17 unintentional injuries, 18 violence, 19 
sexual assault,20 unintended pregnancies,21 homicides and suicides.20 It is a 
beverage that is implicated as a risk factor for more disease outcomes, affecting 
1 
more anatomical systems, than any other substance.1 Alcohol is a product that is 
not only dangerous when consumed by young people, but addicting as well .22•23 
Research has found that for each year under age 15 a young person starts 
drinking, her risk of alcohol abuse increases by 7% and risk of alcohol 
dependence increases by 9%.22 For these reasons, study of drinking initiation in 
early adolescence merits special attention. 
Alcohol has not reached its place as a symbol of adult status in a cultural 
vacuum. In an increasingly connected and media-savvy world, 24 images of 
alcohol are pervasive in magazines,25•26 on television, 27 in film, 28 in popular 
music,29 and across the internet. 30 Young people between the ages of 12 and 20 
see an average of 366 advertisements for alcohol on television each year - one a 
day.27 Whether these advertising exposures contribute to underage drinking has 
been a topic of scientific debate for at least four decades. 31 -47 
Prior public health research on the influence of alcohol media images on 
drinking behavior have been conducted with a simple conditioned-response 
model of the association (i.e., more advertising results in more drinking).42.44.48-50 
However, advertisers have known since the 1960's that this relationship is non-
linear, with diminishing increases in the sale of products after advertising 
exposure reaches a saturation level.51 ·52 In our first study, we hypothesize that 
Alcohol Expectancy Theory53 and Priming Theory54·55 may provide an 
explanation for this non-linear association -with alcohol advertisements 
contributing to the development of associative memory nodes that set positive 
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expectations for alcohol use. We test this hypothesis by examining the 
association between exposure to alcohol advertising and changes in alcohol 
expectancies and drinking initiation over a 12-month period. 
In addition to advertising influences on drinking initiation, parents may also 
play a role in their children's drinking behaviors.56•57 Research has shown that 
parent drinking behaviors may be imitated by their children. 58 In addition, a body 
of research has shown that parenting styles influence adolescent drinking 
behaviors.59•60 In particular, authoritative parenting styles that provide high levels 
of support for the child (expressing love, praising good results, giving hugs) in 
combination with high levels of control (setting limits, defining consequences, 
monitoring behaviors) are protective of drinking.60 
This latter body of research has resulted in the inclusion of specific 
recommendations in family education programs advising parents to monitor their 
children to protect them from alcohol use and abuse. Specifically, parents are 
advised to know with whom their children are associating, and to set limits on the 
child's time away from home.61 
However, to our knowledge, such specific rules have never been tested in 
a prospective study to examine their effects. Prior studies have typically 
examined parental monitoring globally, using an index or scale that is correlated 
with the total amount of parental monitoring.56•58•60•62-67 Individual rules have not 
been tested. Further, given the apparent influence of media alcohol exposure on 
adolescent drinking, we sought to examine the influence of media-specific 
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parental rules on drinking initiation. 
Therefore, our second study examines the prospective association 
between freedoms that adolescent children may be granted by their parents and 
drinking initiation over a 12 month period. We examine seven specific freedoms: 
freedom to set bedtimes and weekend curfews; to choose the amount and type 
of television programs watched; to choose companions; to select clothes to wear 
and food to eat. 
While alcohol has been the drug of choice for adolescents for 
generations, 58 prevalence of marijuana use by adolescents has been growing in 
recent years, as legal restrictions on access to the drug are removed.68 We may 
be poised at the threshold of a new era in which the use of marijuana is 
normalized much like alcohol, and commercial interests become free to profit 
from production, promotion, and distribution of the drug.69 In our rush to increase 
access to marijuana, we may not be taking advantage of our experience with 
products like tobacco and alcohol to prepare for the public health consequences 
of increased use. Therefore, we shift our focus from alcohol to marijuana in our 
last paper. 
If we are to focus on adolescent behaviors in our attempts to address the 
world's chronic disease epidemic, we need to have research tools that are 
designed to meet the special requirements of behavioral research. To address 
threats to validity that may arise from laboratory research,70 it would be best to 
have research methods that test influences of different stimuli on adolescent 
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health behaviors in real world contexts. Ecological Momentary Assessment 
(EMA) is one research method that has applied to study health behaviors in this 
manner.71 
EMA studies of substance abuse employ electronic devices such as 
pagers, mobile phones, or programmable watches, to prompt participants at 
random times throughout their day to complete a brief diary or survey to capture 
information on their location, context, companionship, affect, desire to use 
substances, access to substances, and substance use in naturalistic settings. 71 
EMA studies have been used to examine tobacco, 72 alcohol,73 and marijuana7: 
use behaviors. 
Data from EMA studies represent a timeline of stimuli, contexts, and 
outcomes that are usually analyzed with correlated data methods to account for 
the clustering of observations within individuals over time.75 In our third paper, we 
propose a different approach to analyzing data from an EMA study. We propose 
to embed a case-crossover76 framework within the EMA study. 
The case-crossover framework has the advantage of maintaining strict 
temporal sequencing between the exposure and outcome. In addition, the EMA 
design provides a rich set of information about exposure to stimuli in naturalistic 
settings. This real-time data may be more accurate than recall methods for 
estimating the usual frequency of exposure to the stimulus during control time 
periods.77 
In our third study, we apply a case-crossover method to an EMA study. 
5 
We have chosen to examine changes in momentary affect subsequent to 
marijuana use among adolescent and young adult frequent users of marijuana. 
Characteristics of affect, particularly elevated negative affect, have been shown 
to precede marijuana use.78-82 Assuming that marijuana is being used by the 
adolescent for affect regulation or self-medication,83 that is to seek relief from 
elevated negative affect, our third study seeks to determine if affect is improved 
following marijuana use. Understanding the affective response to marijuana use 
may help clinicians customize the treatment of marijuana use disorders as well 
as help inform prevention and education programs designed to prevent or reduce 
use of marijuana. 
This dissertation contributes to public health efforts to reduce chronic 
disease by focusing on early adolescent social and familial factors that may 
influence the onset of alcohol use, and applying rigorous epidemiologic methods 
to diverse fields of study including media effects, family dynamics, and 
momentary assessment of substance use. 
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ALCOHOL ADVERTISING ON A CHILD'S FAVORITE lrELEVISION 
CHANNEL, CHANGES IN ALCOHOL EXPECTANCIES, AND RISK OF 
ALCOHOL INITIATION WITHIN 12 MONTHS: A PROSPECTIVE STUDY 
BACKGROUND 
Alcohol epidemiology 
Alcohol consumption is the leading cause of death globally for persons 
ages 15 to 49. 1 In the United States, among persons of all ages, alcohol 
consumption is the third leading cause of death, behind tobacco, poor diet and 
physical inactivity.2 Alcohol consumption has been identified as a component 
cause in mortality associated with more than 200 ICD-1 084 disease 
classifications,85 including breast, mouth, esophageal, liver, and colon cancers; 
diseases of the liver and pancreas; heart disease and stroke; disorders of 
pregnancy and birth; and deaths from falls, drowning, poisoning, acts of violence, 
suicide, and motor vehicle crashes.85·86 
The earlier young people start drinking, the more likely they are to 
experience a number of negative health outcomes. Early alcohol consumption is 
associated with subsequent alcohol abuse and dependence,22·87-90 unplanned 
sex and pregnancy, unprotected sex and sexually-transmitted infections,21 •91 
unintentional injury,92·93 and use of other drugs.94•95 
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A framework for examining reasons why young people start using alcohol 
may be found by examining two behavioral theories: Alcohol Expectancy 
Theory53 and Priming Theory.54•55 
Alcohol expectancies and priming 
From a young age, a child may develop subconscious, automatic 
associations between abstract concepts such as "fun," "relaxation," or "silly" and 
alcohol consumption. Research with children as young as age 7 has shown that 
information transmitted via alcohol advertisements may "prime" these 
associations in memory.96•97 Priming theory55 proposes that memory is organized 
in an information-processing network in which related concepts are stored in 
nodes that are physically close to each other. Stimulation of one node, such as 
may occur by observing alcohol images, advertisements, or adult/peer drinking 
behavior, will activate adjacent nodes in the memory network that have been 
related through primal knowledge, vicarious learning, or direct experience. 55 
A large body of research has been built around what are broadly known as 
alcohol expectancies. Expectancies are a biological process that prepare a 
organism to respond to future stimuli. 53 Expectancy theory of alcohol use 53 has 
shown that concepts such as "relaxation," "fun," "sociable," "quiet," "wild," "sick," 
and "talkative" are associated with alcohol use by children and adolescents 
through observation and experience.53 
Both Alcohol Expectancy Theory and Priming Theory suggest that people 
take in information about alcohol and maintain associations in memory both 
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consciously and unconsciously. There is a period of time during which these 
memory associations are being formed and strengthened98 and, once these 
associations are formed, they decay slowly if not reinforced by behavior or 
observation. 53• 55 Therefore, the underlying mathematical form of the association 
between vicarious exposure to alcohol images and drinking behavior is likely to 
be non-linear. The risk of the drinking behavior would increase as exposure to 
images form associative memories, and once those memories are formed , 
additional exposures would have diminishing effects. If the associative memories 
were not reinforced over time, then they would decay and the frequency of 
behavior would diminish . 
Evidence supporting this theoretical framework tying vicarious exposure to 
alcohol cues with behavior has been found in advertising research studies. 
Seminal Anheuser-Busch study of non-linear advertising effects on 
drinking 
Ackoff and EmshoW1 reported on the advertising practices of Anheuser-
Busch, the largest brewery in the United States and an innovator in television 
advertising practices during the 1960's. They found the association between 
television advertising spending on Anheuser-Busch products (e.g., Budweiser) 
and subsequent beer sales followed a non-linear response function as shown in 
Figure 1. The figure shows an increasing effect over lower ranges of advertising 
exposure, a flattening of the effect in a saturation range, and a decline in a 
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"supersaturation" range in which the authors hypothesized that "overadvertising" 
fatigued the public in a manner similar to a salesperson making too many calls 
on a customer. 51 The concave advertising response function shown in Figure 1 is 
similar to a diminishing marginal product in econometric terms.40.43•99•100 
Saffer40•43•99•100 conducted a number of econometric studies using non-
linear models to adjust for the diminishing marginal product of advertising 
spending. In a review article,43 Saffer used the diminishing marginal product 
model (Figure 2) as a framework to review the literature about advertising effects 
on drinking behavior, showing that many studies did not account for this non-
linear association. As shown in Figure 2, as advertising expenditures increase 
from left to right (x-axis}, consumption of alcohol follows a diminishing curve. The 
dotted line shows the hypothesized effect of an advertising ban, shifting the curve 
lower but maintaining the diminishing marginal product form. 
Saffer did not contemplate a causal explanation for the diminishing 
marginal product model. However, it is possible that Alcohol Expectancy Theory 
and Priming Theory provide an explanation. Specifically, once expectancy 
networks are activated in memory, additional exposures above those needed to 
maintain these networks produce no effect. 
We now have the beginning of a framework for measuring the association 
between alcohol advertising exposure and drinking initiation. There is one more 
piece of the puzzle that we should consider- differential effects for boys and 
girls. 
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Differential Ad Exposure and Alcohol Initiation Rates for Boys and 
Girls 
Television alcohol advertising is concentrated on sports programming that 
is popular among boys.49 Beginning in 2002, alcohol producers began to develop 
and market lines of sweetened alcoholic beverages, sometimes called 
"alcopops," that have been marketed to young women in recent years. 101 -103 
However, advertising for these products was minimal at the time of this study. 
Therefore, we expect the volume of alcohol advertising seen by boys to be 
substantially higher than that of girls. In addition, rates of alcohol initiation and 
drinking trajectories have been found to vary by sex in some,104-107 but not all108 
studies. Therefore, it may be important to examine associations between 
advertising and drinking initiation separately for boys and girls. 
A Framework for Studying Advertising Effects on Driinking 
With this background, we now have a complete framework for a study of 
advertising effects on drinking initiation. The study should (a) observe a 
population that is young enough to manifest the development of alcohol 
expectancies; (b) use a population in which alcohol advertising exposure varies 
widely; (c) use analysis methods with non-linear treatments of the exposure 
measure to model the association; and (d) consider effect modification by sex. In 
the next section, we reviewed the recent published literature of the effects of 
television alcohol advertising on drinking initiation against this framework. 
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Prospective Studies of Television Advertising Exposure and Alcohol 
Initiation 
We have identified only four prospective studies of the association 
between television alcohol advertising and drinking initiation. Robinson, Chen & 
Killen42 examined this association in a cohort of grade 9 students (mean age 14.6 
years) followed for 18 months. Stacy et al. 44 examined the association between 
alcohol advertising and drinking in a cohort of Grade 7 students (mean age 12.4 
years) followed for 12 months. Ellickson et a1.48 studied the association between 
television advertising exposure and drinking initiation using a cohort of Grade 7 
students followed through Grade 9. Collins et al.49 examined the association 
between television advertising and alcohol initiation using a cohort of students in 
Grade 6 (mean age 11.6 years) followed for 12 months. As summarized in Table 
1, none of these four studies of alcohol advertising and alcohol initiation were 
optimally designed to assess the association using our proposed framework. 
Further, none of the existing studies examined the effects of advertising on 
drinking initiation separately for boys and girls. 
Objectives for this Study 
In the current study, we set out to determine whether a simplified measure 
of exposure to alcohol advertising based on a child's self-report of a favorite TV 
channel was associated with changes in alcohol expectancies and with increased 
risk of alcohol initiation among adolescents. We used a cohort of early 
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adolescents (ages 11 to 15 years), an age during which alcohol expectancies are 
evolving and drinking initiation is emerging. We used three measures of 
advertising exposure: (a) adstock- a cumulative, population-scaled measure of 
exposure to alcohol advertising on the child's favorite television channel at the 
time of the study interview; (b) the mean number of ads (as opposed to adstock) 
of the imputed distribution of advertising exposure derived from channels likely to 
be viewed in combination with the child's favorite television channel; and (c) 
quartiles of this imputed distribution of ads (as opposed to adstock) assigned to 
each participant based on reported time spent watching television. We 
hypothesized that adolescents exposed to higher levels of advertising with these 
three measures will (a) show a positive change in alcohol expectancies within 12 
months and (b) have higher risk of alcohol initiation within 12 months than those 
exposed to little or no alcohol advertising . We expected the form of the 
association to be non-linear based on Alcohol Expectancy Theory and Priming 
Theory, and we expected the association to be stronger for boys than for girls. 
METHODS 
Study Population and Analysis Sample 
The Visual Media Longitudinal Study (VMLS) is a national study of 6,522 
participants recruited at ages 10-14 in 2003 and followed for 5 years. Details of 
the study recruitment and sample have been reported in detail elsewhere. 109 
Briefly, a national sample of 377,850 telephone numbers was randomly selected 
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yielding 129,002 working residential phone numbers. Participants were screened 
to identify households with children between the ages of 10 and 14, yielding 
9,849 eligible households, of which 6,522 consented to participate in the study. 
In this study, we used favorite television channel information from Wave 2 
(the earliest wave in which this information was collected) and examined drinking 
initiation between Wave 2 and Wave 3 (approximately 12 months between 
February 2004 and February 2005). Starting with 6,522 participants at study 
baseline, 667 were lost to follow-up between baseline and Wave 2,906 were 
already drinking at Wave 2, and 368 did not report a favorite television channel at 
Wave 2. Another 692 participants were lost to follow-up between Wave 2 and 
Wave 3. This left 3,889 participants available for this analysis .. A total of 313 
participants listed MTV as their favorite television channel. While MTV does not 
take alcohol advertising, popular music is a source of a high volume of alcohol 
cues29 and music video-watching has been strongly associated with alcohol 
initiation.42 Therefore, participants who listed MTV as their favorite channel were 
removed from the analysis, resulting in a final analytic sample of 3,576 
participants. 
Alcohol Advertising Data 
The Center on Alcohol Marketing and Youth (CAMY) maintains a 
database of more than 3 million television alcohol advertisements that aired from 
2001 through 2012. For each, the date of the ad , the network on which the ad 
was placed, and the average quarter-hour rating for the program audience has 
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been recorded. All of this information was sourced from The Nielsen Company 
(Nielsen, New York, NY), 110 Details of GAMY's methods for reporting youth 
alcohol advertising exposure have been reported elsewhere.27 
Exposure Measures 
Exposure to alcohol advertising was derived from the open-response 
question, 'What is the name of your favorite television channel?" The responses 
were standardized by the data service provider and checked for consistency. A 
total of 85 different channels were listed as a favorite by participants in the study. 
Exposure was assessed with three different alcohol advertising exposure 
measures derived from the participant's report of a favorite television channel. 
Nielsen uses television set-top monitors to track exposure to advertisements with 
a national sample of 18,000 households. We licensed Nielsen television viewing 
data for the time period overlapping our study dates. Nielsen measures exposure 
using population-adjusted prevalence estimates that are called "ratings" and the 
accumulation of ratings over a period of time is called "gross rating points" or 
"GRPs." In simple terms, if there were 1 00 GRPs of alcohol advertising exposure 
among boys ages12 to 17, then this can be interpreted as an average of 1 
advertisement seen by each boy in this age group nationally. 
Prior research has used the number of alcohol advertisements on a 
particular television channel as the primary exposure. 44·48.49 However, it is 
unlikely that a person sees every ad on a television station. Our use of GRPs as 
a starting point for our exposure measure in an improvement because it uses the 
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actual television-viewing patterns surveyed in the population to generate a 
prevalence estimate of exposure to all alcohol advertisements on a particular 
television channel. 
Since people recall advertisements over a period of time, advertisers 
typically "pulse" their advertisements - staggering the placement of their 
advertisements across time - to maintain a level of awareness in the marketplace 
without overspending.52 The advertising industry has developed a measure of 
"advertising pressure" or the cumulative effect of multiple advertisements over 
time called "adstock."111 
Adstock is the sum of lagged GRPs, in which advertisements in prior 
weeks are discounted at a rate referred to as the "decay rate."111 From a public 
health perspective, it is useful to think of adstock as the "dose" of advertising 
exposure at a point in time, with units and interpretation comparable to those for 
GRPs. Our first assessment of advertising exposure used the adstock of all 
alcohol advertising on the participant's favorite television channel at the time of 
the Wave 2 interview. Adstock was calculated using a half-life of 3 weeks, with a 
decay constant of 0. 761. 111 All advertising for the period up to 12 months 
preceding the interview data was used in the adstock calculation. 
In addition, each participant may be exposed to alcohol advertising on 
channels other than their favorite channel. To impute the total advertising 
exposure from advertisements on all channels likely to be watched by the 
participant, we used the 2003 Nielsen Cume study (Nielsen, New York, NY) and 
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T*View software (Stone House Systems, Kenilworth, IL). The Nielsen Cume 
study reports the amount of "overlap" in viewing audience between different 
television channels by monitoring the viewing habits of a national sample of 
television viewers. In the Nielsen Cume study, we isolated participants by gender 
and age group who matched participants in our analysis. We found groups of 
participants in the Nielsen Cume study who most frequently watched channels 
that matched our participant's favorite channel, and used their viewing patterns to 
estimate exposure to alcohol advertisements from multiple channels. 
The T*View software takes as input the entire listing of alcohol 
advertisements across all television channels. It then estimates the number of 
ads seen by each participant in the Nielsen Cume Study by analyzing the viewing 
patterns among participants and the overlap of viewing on channels with alcohol 
advertising. We used the participants in the Nielsen Cume study as proxies for 
participants in the current study. 
We started with an assumption that participants spent more time watching 
their "favorite" television channel than any other channel. We next identified sub-
populations of the Nielsen Cume Study who spent more time watching the 
favorite channel than any other channel, matched by age and sex to participants 
in the current study. Using this matched subpopulation from the Nielsen Cume 
Study, we imputed a distribution of the total number of advertisements seen 
across all television channels using the T*View software. Thus, our second and 
third treatment of the exposure measure was derived from the mean and 
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quartiles of this imputed exposure distribution. 
To illustrate this process with an example, assume that a male participant 
in the age range 12 to 17 reports his favorite television channel is ESPN. We 
identified 39 males aged 12 to 17 in the Nielsen Cume study who watched ESPN 
more than any other network. Examining viewing habits within this 39 person 
subpopulation, we can found that channels often watched in combination with 
ESPN by males in this age range included, for example, ESPN2, BET, TNT, and 
NBC. We entered the alcohol advertising schedule across all channels for the 4-
week period preceding the participant's interview date into the T*View software 
and used this matched population of 39 males aged 12 to 17 to impute the 
distribution of alcohol exposure (number of advertisements viewed). For our 
second exposure measure, we assigned the mean value of the distribution of ads 
viewed to each participant who listed the same favorite television channel. For 
the third exposure measure, we used quartiles of the distribution of ads viewed 
(percentiles 13, 38, 63, 88) and assigned the quartile value to each participant 
based on their reported television viewing habits. Participants were asked the 
number of hours of television viewing on school days. We matched levels of 
television watching to the imputed quartiles of advertising exposure. Continuing 
with our example, in the first week of Wave 2 interviews, males in this age group 
who watched ESPN more than any other network were likely to see a mean of 91 
alcohol ads (exposure 2) and quartiles of the distribution (17, 50, 81, and 198 
ads, exposure 3) would be assigned to participants who watched less than one 
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hour of television on a school day, one to two hours of television, three to four 
hours of television, or more than four hours of television, respectively. 
Outcome Measures 
Alcohol expectancies were measured with an index representing the sum 
of three measures: "If one of your friends offered you alcohol would you drink it?" 
(definitely no, probably no, probably yes, definitely yes), "I think I would enjoy 
drinking alcohol" (strongly disagree, disagree, agree, strongly agree), "Do you 
think you wil l drink alcohol in the next year?" (definitely no, probably no, probably 
yes, definitely yes) . The three items were summed (possible scores 0 to 12, 
Cronbach alpha 0.71 for Wave 2 and 0.78 for Wave 3). We modelled the change 
in alcohol expectancies between Wave 2 and Wave 3 as a function of the three 
advertising exposure measures. 
Alcohol initiation was determined by a Yes/No question: "Have you ever 
drunk alcohol that your parents did not know about?" This survey question was 
answered anonymously, with respondents touching keypad numbers on the 
telephone in response to computer-voice-generated questions. Among 
participants who answered No to this question at Wave 2 (non-drinkers) , we 




Covariates were assessed from the Wave 2 interview and were identified 
as factors likely associated with both alcohol advertising exposure and drinking 
initiation from a review of prior research. Peer drinking was measured by "How 
many of your friends drink alcohol?" (none, some, or most). Grades were 
measured using a self-report of "How would you describe your grades in school" 
(excellent, good, average, below average). Household income, as a measure of 
socioeconomic position, was self-reported by the parent during the screening 
interviews. Ownership of an alcohol-branded promotional item, such as a hat or 
T-shirt with an alcohol brand logo, has been shown to be a marker of high 
marketing receptivity, 112 and was assessed with the yes/no question "Do you own 
something with the name of a beer, wine, or liquor brand on it, like a t-shirt or a 
hat?" A count of the number of seconds of drinking behavior seen in motion 
pictures was calculated using a method previously described in detail. 28 TV 
viewing time was measured by recall of hours watching television on school 
days. Sensation-seeking was measured with a 4-item scale including: "I like to do 
dangerous things," "I like to do scary things," "I listen to loud music," "I often think 
there is nothing to do" (responses not like you, a little like you, a lot like you, just 
like you, Cronbach alpha 0.57). 113 Parenting style and parental control were 
evaluated with the Authoritative Parenting Index, 114 including items such as: "she 
checks to see if I do my homework" and "she makes me feel better when I am 
upset" (responses not like her, a little like her, a lot like her, just like her). Parent 
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drinking was measured with the question "Which of the following statements best 
describes how often your parents drink alcohol?" (never, once a year, once a 
month, once a week, every day). Extra-curricular activities were taken as the sum 
of the number of after-school programs including sports, clubs, music, scouting, 
and religious groups. Rebelliousness was measured with a 6-item scale including 
items "I get in trouble at school," "I argue a lot with other kids ," "I do things my 
parents wouldn't want me to do," "I do what my teachers tell me to do" (reverse 
coded), "I argue with my teachers," "I like to break the rules" (responses not like 
you, a little like you, a Jot like you, just like you, Cronbach alpha=0.74). 115 
Religiosity was assessed with the question "How often do you attend church or 
other religious activities?" (almost every day, one to a few times a week, one to a 
few times a month never). Family composition was assessed with questions 
about the presence in the household of older siblings and which parent(s) the 
participant is living with. 
Statistical analysis 
We conducted a graphical analysis, plotting a loess curve of the 
association between the three different advertising exposure measures and both 
outcomes, which showed a non-linear association . We decided to model the 
effect between exposure and outcome using a piecewise-linear treatment of the 
exposure with two nodes and three line segments to accommodate a variety of 
non-linear response forms. A three-segment treatment of the exposure can 
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model effects ranging from a simple linear dose-response to the more complex 
curve found by Ackoff and Emshoff1 (Figure 3). 
We determined the appropriate placement of the nodes in the piecewise 
linear exposure by sweeping the position of the nodes across the full range of the 
exposure variable and selecting the nodes that provided the best combination of 
model fit and precision. Model fit was estimated using the Akaike Information 
Criterion (AI C) 116 for logistic regression models and R-square for linear models. 
Precision was measured by the 95% confidence interval width of the final model 
estimate. 
We conducted bivariate analyses of the association between exposures, 
covariates, and the outcomes using chi-square tests for categorical variables, 
Kruskai-Wallis tests for continuous variables with skewed distributions, and F-
tests for continuous variables with approximately normal distributions. 
To model the association between advertising exposure (piecewise linear) 
and alcohol expectancies (continuous), we calculated the difference in alcohol 
expectancies between Wave 2 and Wave 3 and modelled this difference as a 
function of alcohol advertising exposure and covariates. To model the 
association between advertising exposure (piecewise linear) and alcohol initiation 
(dichotomous), we estimated odds ratios using multiple logistic regression. To 
examine effect modification by sex, we estimated models separately for boys and 
girls. 
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Adjusting for Missing or Unknown Confounders 
To adjust for missing or unknown residual confounders, we conducted a 
bias analysis.117 Our dataset did not have information about the presence of 
depressive symptoms that may confound the associations between alcohol 
advertising, alcohol expectancies, and drinking initiation. Therefore, we simulated 
a variable with the properties of depressive symptoms using a range of values for 
the prevalence of depressive symptoms in this age cohort and for the strength of 
the association between depressive symptoms and alcohol initiation. To adjust 
for unknown residual confounders, we simulated a series of confounding 
variables with varying prevalence within the age cohort and varying strength of 
association with drinking initiation and estimated models over this range of 
simulated confounders. We looked for combinations of parameters that resulted 
in a lower 95% confidence limit of 0.90 or less for the adjusted odds ratio. 
Assessing the Impact of Other Biases on Results 
To assess the potential for selection bias in our results, we contrasted the 
frequency distribution of favorite television stations between participants who 
were included in the analytic sample and participants were excluded. 
To assess the potential impact of misclassification of exposure, we 
created alternative datasets in which a proportion of the participants had their 
exposure status changed. Using adstock as our exposure measure, a percent of 
randomly selected participants had their exposure levels changed so that those 
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with adstock values greater than the mean (100 units) had 125 adstock units 
subtracted from their exposure and those with adstock values below the mean 
· had 125 adstock units added to their exposure. This was the equivalent of a 
participant whose favorite television channel was Nickelodeon instead reporting 
their favorite channel was CBS. We systematically changed the percent of 
participants with their exposure status misclassified in this manner from 1% to 
50% and recalculated the adjusted model of advertising exposure and alcohol 
initiation. We considered the bias to have explained away the association if the 
lower 95% confidence limit was below 0.90. To examine the impact of differential 
exposure misclassification, we performed the same analysis, conditioning the 
change in exposure status only for those who initiated drinking. 
To assess the impact of outcome misclassification on these results, we 
performed a similar simulation, modifying the outcome status. In the case of non-
differential outcome misclassification, we switched the drinking initiation status of 
a randomly selected percent of the sample. In the differential outcome 
misclassification case, we conditioned the change in outcome status on the 
exposure level, using the mean (100 adstock units) as a cut-off value between 
high and low exposure levels. 
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RESULTS 
Analytic Sample Description 
Among the non-drinking participants making up the analytic sample, 303 
(8.5%) initiated drinking between wave 2 and wave 3 (Table 2). The mean±sd 
age of the analytic sample was 12.9±1.4 years, 48.7% female, 66.3% identified 
as white, 9.2% as black/African-American, 16.3% Hispanic, and 8.3% other 
race/ethnicity. Twenty-six percent of participants reported a parent drinking at 
least weekly, and 21% reported having any friends that drink. 
Exposure Measures 
The distribution of adstock alcohol advertising exposure (using a three-
week half-life, with a decay parameter of 0.761) is shown in Figure 4. The 
distribution is heavily skewed with many participants having zero advertising 
exposure. Mean±sd adstock was 34.7±69.3 for the entire analytic sample, 
61.8±87.6 among initiators and 32.2±66.8 among non-initiators (Table 2). 
Adstock is a cumulative measure of advertising exposure at a point in time, and 
hence it may be difficult to interpret this number. To ease interpretation and 
comparison among our exposure measures, we regressed adstock against our 
measure of the mean number of advertisements calculated from our imputed 
exposure distribution. This regression revealed that 0.19 adstock units of 
exposure on the participants' favorite television channel were comparable to 
exposure to one advertisement on all channels watched in combination with the 
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favorite channel. We caution that this association is specific to this analysis and 
not generalizable. In the advertising trade, adstock units are not typically 
interpreted in this manner. 
Distributions of the imputed mean exposure measure and the imputed 
quartile exposure measure by sex are shown in Figures 5 and 6. For imputed 
exposure measures, the mean±stdev of advertisements seen by participants was 
12.9±1.4 ads for exposure 2 (the distribution based on imputed means of 
advertising exposure) and 6.9±23.3 ads for exposure 3 (the distribution based on 
imputed quartiles of advertising exposure). 
Alcohol Advertising and Alcohol Expectancies 
Distributions of the change in alcohol expectancies between Wave 2 and 
Wave 3 by sex are shown in Figure 7. The distribution is centered close to zero 
and slightly skewed toward an increase in expectancies. The mean±sd change in 
expectances was 0.35±1.42. Examining the top 20 most-frequently reported 
favorite television channels and sorting by change in alcohol expectancies, we 
found that greater increases in expectancies were associated with channels with 
higher levels of alcohol advertising (Table 3). The average adstock was 4.6 for 
the first 10 channels in Table 3 and 92.0 for the last 10 channels. Similarly 
contrasts for imputed mean number of ads were 6.4 for the first 1 0 channels and 
24.8 for the last 10 channels (with values of 4.2 and 14.3 for the imputed quartile 
number of ads). 
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Bivariate Associations between Exposure Measures and Outcomes 
The top 20 favorite television channels, mean change in alcohol 
expectancies, proportion of initiators, and mean exposure measures are 
presented in Table 4. The three most frequently-reported favorite channels were 
The Disney Channel, Nickelodeon, and The Cartoon Network (44% of 
participants selected one of these three). None of these channels carried any 
alcohol advertising and therefore the adstock was zero. The mean imputed 
number of alcohol ads seen based on channels likely to be watched in 
combination with these channels was 15.7 ads for The Disney Channel, 1.1 ads 
for Nickelodeon, and 8.3 ads for The Cartoon Network. Imputing alcohol ads 
using quartiles of the distribution in combination with hours of television watching 
resulted in a mean of 6.0 ads for participants reporting The Disney Channel, 0.0 
ads for Nickelodeon, and 5.1 ads for The Cartoon Network. 
Much higher levels of exposure were calculated for participants reporting 
ESPN or Comedy Central as their favorite channel. ESPN adstock was 521.8 
with imputed values of 111.5 ads (mean) and 64.3 ads (quartile). Comedy 
Central adstock was 258.9 with imputed values of 51.0 ads (mean) and 33.2 ads 
(quartile). 
The mean change in alcohol expectancies was generally lower on 
channels without alcohol advertising. Participants who watched The Disney 
Channel, Nickelodeon, and The Cartoon Network increased alcohol expectances 
by a mean±stdev of 0.20±1.46 to 0.32±1 .23 over 12 months. By contrast, 
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participants who watched ESPN or Comedy Central increased alcohol 
expectancies by 0.59±1.72 to 0.96±2.01, respectively. 
The risk of alcohol initiation between Wave 2 and Wave 3 averaged 4.5% 
across the Disney, Nickelodeon and The Cartoon Network. The risk of alcohol 
initiation between Wave 2 and Wave 3 for participants who reported either ESPN 
or Comedy Central as their favorite television channel was 18.7%. 
Graphical Analysis of Association between Alcohol Advertising and 
Change in Alcohol Expectancies 
We plotted the association between each of the alcohol advertising 
exposures and the change in alcohol expectancies (Figure 8) using a loess 
function to smooth the curve. 118 We found the association between adstock and 
change in alcohol expectancies followed a non-linear response curve similar to 
that described by Ackoff and Emshoff.51 We used a 3-segment piecewise linear 
curve to approximate each of these curves, allowing the slope to change three 
times over the range of the exposure. 
Models of Association between Ad Exposure and Changes in Alcohol 
Expectancies 
We first present the results of fitting simple linear models of the 
association between adstock and changes in alcohol expectancies, to facilitate 
comparison with previous research. The simple linear models of the association 
between adstock and changes in alcohol expectancies are presented in Table 
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5A. For all participants, we found that alcohol expectancies increased by 0.20 
(95% confidence interval, 0.09 to 0.31 ), on average, over a range of 255 ad stock 
units. After adjustment, alcohol expectancies increased by 0.10 (-0.02, 0.21 ). 
Results for males were very similar in the same range of adstock units. For 
female participants, alcohol expectancies increased by 0.14 (-0.04, 0.32) over a 
range of 57 adstock units. None of the effects for these simple linear models 
were statistically significant after adjustment. 
We fit a 3-segment, piecewise-linear model of the association between 
adstock and changes in alcohol expectancies after 12 months in Table 58 
(unadjusted) and Table 5C (adjusted). Graphs of the adjusted piecewise-linear 
association are shown in Figure 9. We report the exposure range for each line 
segment in the first column. The location of the first node is at the end of the first 
range and the location of the second node is the sum of the first and second 
ranges. We found that for all participants and for males, placing the first node 
after 43 adstock units and the second node after an additional 255 adstock units 
(i.e., node location 298) provided the best fit and precision. We matched the 
range of the third line segment to that of the second line segment for the purpose 
of comparing effect sizes. We calculated the change in alcohol expectancies over 
each of these ranges. 
The results for all participants and for male participants were very similar. 
In adjusted models, there was very little change in alcohol expectancies over the 
lowest range, a steep increase in expectancies over the middle range, and very 
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little change in expectancies over the highest range. For all participants, alcohol 
expectancies changed by an average of -0.10 ( -0.37, 0.16) over the first 43 
adstock units; by an average of 0.63 (0.28, 0.97) over the next 255 adstock units; 
and by an average of 0.06 (-0.06, 0.17) over the last 255 adstock units. For male 
participants, alcohol expectancies changed by an average of 0.17 (-0.24, 0.58) 
over the first 43 adstock units, 0.65 (0.24, 1.05) over the next 255 adstock units, 
and 0.08 (-0.04, 0.21) over the next 255 adstock units. 
For female participants, the effect matched the pattern of a "bathtub" 
response curve (Figure 3), with a decline in alcohol expectancies over the lowest 
range, no change in alcohol expectancies over the middle range, and an 
increase in alcohol expectancies over the highest range. For female participants, 
alcohol expectancies changed by an average of -0.33 (-0.69, 0.02) over the first 
46 adstock units; 0.05 (-0.29, 0.39) over the next 57 adstock units; and by an 
average of 0.29 (0.06, 0.51) over the last 57 adstock units. 
Results for the association between the imputed mean ads and alcohol 
expectancies are presented in Table 6, with graphs of the piecewise-linear 
association in Figure 10. Results for the association between imputed quartile 
ads and alcohol expectancies are presented in Table 7, with graphs of the 
piecewise-linear association in Figure 11. 
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Summary of Results for Alcohol Advertising and Alcohol 
Expectancies 
To ease comparison of the results between exposure measures, we have 
extracted the segment from each piecewise-linear model that showed the 
greatest change in alcohol expectancies over its range and presented the results 
separately for males (Table SA) and females (Table 88). To enable comparisons 
between ad stock units and ads, we regressed ad stock as a function of the 
imputed mean exposure- finding a relationship of approximately 0.19 adstock 
units for every ad (a similar relationship was found when regressing adstock 
against the imputed quartile measure). We used this factor to convert the adstock 
unit ranges to ads. 
For boys, the non-linear form of the models for all exposure measures 
showed either a transition pattern (little or no effect followed by increasing effect 
followed by little or no effect) or a saturation pattern (increasing effect followed by 
increasing effect followed by little or no effect). In all cases, the range in which 
the magnitude of the change in alcohol expectancies was largest was below 
exposure to 60 ads and the magnitude of changes in alcohol expectancies was 
attenuated above this range. The change in alcohol expectancies per unit 
advertisement ranged from 0.001 to 0.04 in the part of the curve where 
expectancies were increasing at the fastest rate. The effect sizes for the adstock 
and imputed mean exposure measures were very similar. However, the imputed 
quartile effect size was almost three times larger than the other two exposure 
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measures. The imputed quartile exposure measure was derived using a 
combination of television viewing habits reported for school day viewing and the 
estimated alcohol advertising exposure derived from the Nielsen Cume survey. It 
is possible that this additional manipulation of the exposure measure introduced 
the potential for error. Therefore, we focus on the adstock and imputed mean 
measures and conclude that, for boys, changes in alcohol expectancies over 12 
months increased by approximately 0.01 per advertisement in a range from 8 to 
57 ads, after which there was very little effect for additional advertisements. 
For girls, there was no consistent pattern for the three response curves 
corresponding to the three different exposure measures. In addition, there was 
no overlap in the ranges at which changes in alcohol expectancies were 
changing by the greatest magnitude, although all ranges were below 90 ads 
(Table 88). Only the adstock exposure measure provided a statistically 
significant result, with alcohol expectancies increasing by 0.025 (standard error 
0.01 0) per advertisement. The magnitude of this change in expectancies was 
more than twice that of boys, so there was an indication that girls may be more 
vulnerable than boys to advertising effects. However, given there was no 
consistent pattern in the response curves for the three exposure measures, it 
appears we captured a portion of the response curve for girls that was "noisy." 
We did find that the imputed mean produced results similar to the adstock 
measure, and that the effect size for the imputed quartile measure was almost 3 
times larger than that of the adstock measure, consistent with the findings for 
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males. This provides some additional evidence that the imputed quartile measure 
may overstate the effect relative to the other two measures. In summary, while 
we did find some evidence of an association between advertising exposure and 
changes in alcohol expectancies for girls, the results produced were inconsistent 
with regard to the pattern of the response curve and the range over which effects 
were maximized. 
Alcohol Initiation 
Graphical Analysis of Association between Alcohol Advertising and 
Alcohol Initiation 
We plotted the association between each of the alcohol advertising 
exposures and the probability of alcohol initiation between Wave 2 and Wave 3 
(Figure 12) using a loess function to smooth the curve. 118 The association 
between adstock and the probability of initiating drinking within 12 months 
followed a non-linear response curve very similar to that proposed by Ackoff and 
Emshoff. 51 We modeled these curves using the same piecewise-linear approach, 
with a 3-segment piecewise-linear model based on goodness of fit measures. 
Models of Association between Advertising and Drinking Initiation 
within 12 Months 
In adjusted simple linear models (Table 9A), the odds of drinking initiation 
within 12 months increased by 1.3 (95% confidence interval 0.9 to 1. 7) for all 
participants over a range of 294 adstock units, 1.3 (1.0, 01.7) for male 
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participants over a range of 294 adstock units, and 1.0 (0.8, 1 .4) for female 
participants over a range of 36 adstock units. 
The 3-segment piecewise-linear models for all participants, males, and 
female each matched the pattern of a "saturation" curve (Figure 13), with 
increasing risk of initiation at lower levels of exposure and the risk attenuating at 
higher levels of exposure. In adjusted piecewise-linear models (Table 9C), for all 
participants the odds of drinking initiation within 12 months increased by 1.7 (1 .0, 
2.8) for the first 14 adstock units; increased by 2.9 (1.5, 5.6) for the next 294 
ad stock units; and by 1.6 (1.2, 2.1) for the last 294 ad stock units. In adjusted 
models for male participants, the odds of drinking initiation within 12 months 
increased by 2.1 (1.1, 4.2) for the first 14 ad stock units; by 3.4 (1. 7, 6.9) over the 
next 294 adstock units; and by 1.3 (0.9, 1.8) over the last 294 adstock units. For 
females, the odds of drinking initiation increased by 1.5 (0.8, 3.1) for the first 29 
adstock units; increased 1.8 (1 .0, 3.3) for the next 36 adstock units; and 
approached unity 0.9 (0.6, 1.3) for the last 36 adstock units. None of the effects 
for female participants were statistically significant. 
Results for the association between the imputed mean ads and alcohol 
initiation are presented in Table 10, with a graph of the piecewise-linear 
association in Figure 14. Results for the association between imputed quartile 
ads and alcohol initiation are presented in Table 11, with a graph of the 
piecewise-linear association in Figure 15. 
34 
Summary of Results for Alcohol Advertising and Drinking Initiation 
For males, the non-linear form of the models for all exposure measures 
showed either a transition pattern (little or no effect followed by increasing effect 
followed by little or no effect) or a saturation pattern (increasing effect followed by 
increasing effect followed by little or no effect). The range in which the magnitude 
of the odds ratio (per ad) was largest was exposure to 135 ads or fewer, and the 
odds ratio was attenuated above this range (Table 12A). The log odds per 
advertisement ranged from 0.01 for the imputed quartile exposure to 0.02 for the 
imputed mean exposure. Once again, the adstock and imputed mean exposure 
results were very similar, with the log odds estimated to be close to 0.02 
(standard error 0.006) over a similar range of exposure. The imputed quartile 
effect size differed from the other two exposure measures and therefore we 
summarize our findings using the ad stock and imputed mean measures. We 
conclude that, for males, the odds of drinking initiation over 12 months increased 
at a rate of 0.02 per advertisement in a range from 27 to 57 ads, after which 
there was very little or no effect for additional advertisements. 
For females, there was no consistent pattern for the three response 
curves corresponding to the three different exposure measures and none of the 
estimated effect sizes were statistically significant. The effect estimates varied 
considerably, with log odds of drinking initiation ranging from -0.02 (standard 
error 0.012) to 0.08 (0.043), as did the range of exposure over which these 
effects were found (Table 128). 
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Bias Analysis - Simulating Depressive Symptoms as Unmeasured 
Confounder 
We tested for the effect of depressive symptoms as a potential confounder 
of the advertising exposure-drinking initiation effect estimate by varying the 
prevalence of depressive symptoms among those participants who were not 
exposed to alcohol advertising on their favorite television station (adstock=O) 
from 5% to 7.5%. The prevalence of depressive symptoms among those 
exposed to alcohol advertising on their favorite television channel (adstock>O) 
ranged from 10% to 12.5%.119-121 The relative risk of drinking initiation among 
participants with depressive symptoms relative to those without depressive 
symptoms ranged from 1.5 to 2.5. 122-124 Results are presented in Table 13. 
Using the most extreme case, the odds of drinking initiation within 12 
months increased by 1.58 (95% confidence interval, 0.93 to 2.68) for the first 14 
adstock units compared to 1.68 (1.00, 2.82) without controlling for depressive 
symptoms; increased by 2.71 (1.38, 5.31) for the next 294 adstock units 
compared to 2.88 (1.49, 5.59); and increased by 1.19 (0.86, 1.65) for the last 294 
adstock units compared to 1.22 (0.89, 1.69). 
Simulating an Unknown Residual Confounder 
For this analysis, we focused on segment 2 of the adstock exposure 
model -the range over which the magnitude of the risk of drinking initiation was 
highest. Figure 16 shows the resulting odds ratio when a confounder is 
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introduced with prevalence among the unexposed (participants whose favorite 
channel did not include alcohol advertising) varying from 10% to 90% in 
increments of 10%, prevalence among the exposed (participants whose favorite 
channel did include alcohol advertising) varying from 10% to 90% in 10% 
increments, and relative risk with regard to alcohol initiation varies from 1 to 8 in 
increments of 0.25. We noted that only a small range approached a relative risk 
of 1.0 and focused on this range in Figure 17. 
We assumed that regions where the lower 95% confidence interval of the 
result was below 0.90 would be interpreted as null findings. Therefore, the 
characteristics of an unmeasured or unknown confounder that would explain 
away our findings would fall within the following parameters: 
A) Prevalence among those not exposed to alcohol advertising of 10% 
and prevalence among those exposed to alcohol advertising of 30-90% 
and a relative risk of drinking initiation greater than 2.75. 
B) Prevalence among those not exposed to alcohol advertising of 20% 
and prevalence among those exposed to alcohol advertising of 40-90% 
and a relative risk of drinking initiation greater than 3.00. 
Thus, only a very strong confounder, one with a very strong association 
with both advertising exposure and drinking initiation would nullify the effect 
estimate. We are unaware of any risk factor for drinking initiation that matches 
this profile. 
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Assessing the Potential for Other Biases 
With regard to a potential selection bias, we found that a few favorite 
television channels were more prevalent among those included in our analytic 
sample. Specifically, channels such as Disney, Nickelodeon, and The Cartoon 
Network were overrepresented in our analysis sample. These are all channels 
with no alcohol advertising, and thus any bias introduced by this 
overrepresentation is likely to be toward the null. 
With regard to exposure misclassification, we found that non-differential 
misrepresentation of the participants' favorite television channel biased the 
results toward the null. If the exposure misclassification was differential, that is 
among those initiating drinking , those with a favorite television channel such as 
Disney instead reported a channel such as CBS, we found that 43% or more of 
participants would need to misrepresent their favorite television channel in this 
manner to explain away our findings (Figure 18). 
With regard to outcome misclassification, we found non-differential 
misclassification of drinking initiation status biased the findings toward the null. If 
reporting of drinking status was conditioned on exposure status, we found that if 
5% (or more) of participants who watched channels such as Disney, Nickelodeon 
or The Cartoon Network reported they had not initiated drinking when in fact they 
had, it would negate our findings (Figure 19). This translates into an additional 
163 participants initiating drinking within the 12 month period, bringing the total 
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initiators up from 303 (8.5%) to 466 or 13.0%. A study with slightly older 
population reported an initiation rate of 17% so a 13% initiation rate is plausible.49 
DISCUSSION 
Summary of Findings of Association between Alcoh<>l Advertising, 
Change in Alcohol Expectancies, and Drinking Initiation 
We found a non-linear association between alcohol advertising and 
changes in alcohol expectancies, and alcohol initiation over a one-year period 
among non-drinking boys ages 11 to 15. Approximating this non-linear 
association with a 3-segment piecewise-linear curve, we found the greatest 
increase in alcohol expectancies at lower levels of exposure. Our findings with 
respect to girls were mixed. For girls, the adstock and imputed mean measures 
provided similar estimates of a positive association between alcohol advertising 
and changes in alcohol expectancies, but the shape of the curves differed and 
the range of exposure over which the increases were evident differed . Therefore, 
we concluded that the association between alcohol advertising exposure and 
changes in alcohol expectancies and alcohol initiation for girls requires further 
research. 
When we used a simple linear treatment of the exposure, as has been 
done in prior research, our effect estimates were attenuated in a range 
comparable to prior studies.42.44·48·49 This provides evidence that prior studies 
may have underestimated the actual impact of advertising exposure on drinking 
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initiation as a result of assuming a linear, dose-response relationship between 
advertising exposure and drinking initiation. 
Our findings were strengthened by using three different exposure 
measures derived from a question about the participant's favorite television 
channel. The first measure was the cumulative exposure to alcohol advertising 
(adstock) on the participant's favorite television channel. The second two 
measures were derived by using an independent survey of age- and gender-
specific television viewing patterns to estimate the amount of advertising likely to 
be seen on all television channels viewed in combination with the participant's 
favorite channel. The adstock exposure measure and the mean imputed 
exposure measure, which were derived from different television audience 
surveys, produced similar effect estimates, thereby strengthening our findings. 
The exposure measure using school-day television viewing time and quartiles of 
the imputed exposure distribution produced higher effect estimates, perhaps 
because the exposure levels assigned for higher quartiles were overstated 
relative to school-day television viewing. Thus, we have focused on the more 
conservative (smaller effect estimate) results from the adstock and imputed 
mean exposure measures. 
We considered whether the participant's report of a favorite television 
channel such as Disney may represent a true counterfactual condition relative to 
a participant who reported a favorite television channel such as Comedy Central. 
It may be that there are developmental factors for which we did not account that 
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potentially confound our findings. To address this concern, we first limited the 
analysis to only favorite television channels that contained alcohol advertising. 
This effectively removed Disney, Nickelodeon, The Cartoon Network, and other 
young child-oriented television channels from the analysis. We found results very 
similar to those reported when including all television channels. Next, we used a 
sensitivity analysis to characterize the attributes of an unmeasured/uncontrolled 
confounder that could explain away our findings. We noted that only a very 
strong confounder would nullify our effect estimates. Thus, we do not believe that 
our results can be explained by confounding. 
Our effect estimates for linear models were similar to other studies that 
examined the association between alcohol advertising and drinking initiation 
using linear models over high ranges of exposure. We were able to reproduce 
the findings of Collins et al.,49 who examined the association between advertising 
on ESPN and drinking initiation. In our independent subsample of participants 
who listed ESPN as their favorite television channel , using a simple linear model 
and adjusting for a similar set of covariates, we estimated an odds ratio of 1.02 
(95% confidence interval 0.99, 1.06); comparable to the Collins et al.49 estimate 
of 1.08 (0.83, 1.42). In addition, in our non-linear models, we found that the 
highest levels of exposure for boys were associated with attenuated odds ratios 
of drinking initiation in a range similar to those reported by other studies that only 
examined high levels of advertising exposure.44·48.49 
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We found that assessing alcohol advertising exposure based on a single 
question about children's favorite television channel may be sufficient to assess 
their relative risk of drinking initiation. However, the Nielsen audience television 
surveys we used in this study and the specialized software are relatively 
expensive and require expertise that may be outside of the domain of most public 
health researchers. Therefore, use of this approach may require putting together 
a multi-disciplinary team with access to specialized tools. 
Findings with Respect to Media Priming and Alcohol Expectancy 
Theory 
Our findings for boys were consistent with both Priming Theory55 and 
Alcohol Expectancy Theory. 53 Within this framework, we expected the 
association between alcohol advertising, alcohol expectancies, and drinking 
initiation would be non-linear. For boys, we found non-linear patterns that were 
consistent with this type of non-linear effect for each of our exposure measures. 
Our results for girls were mixed. We found a non-linear association 
between alcohol advertising and change in alcohol expectancies for girls, and the 
magnitude of this association was larger than that of boys. However, this 
association was only statistically significant with one exposure measure (adstock) 
and the range over which the effects were evident was not consistent -
sometimes the maximum effect was found in the first segment and sometimes in 
the last segment. Similarly, with respect to alcohol initiation, we did not find 
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consistent results for girls. 
The association between media stimuli and changes in alcohol 
expectancies was elaborated by Austin et al. with their Message Interpretation 
Process (MIP). 125-127 Austin and colleagues found that children need to identify 
with the portrayals in the media and express a desire to emulate them in the 
process of forming alcohol expectancies. The majority of alcohol advertising on 
television is associated with male sports (professional football, professional 
basketball , professional baseball, and men's college basketball), as well as male-
oriented content on cable networks such Comedy Central, FX, and Spike TV.27 
Content analysis of alcohol advertising has found that masculine themes are 
popular and that embedded alcohol signage within sports programming may be 
shown more frequently than alcohol commercials. 128• 129 Thus, it may be that the 
content and context of the majority of alcohol advertisements on television 
promotes identification with, and desire to emulate, the portrayals for boys but 
not for girls. 
At the time of this study in 2004-2005, there were large amounts of 
advertising in women's magazines with content specifically tailored to a female 
audience. 25•130•131 A future research study examining girl's exposure to alcohol 
advertising in magazines may yield a clearer picture of the association between 
advertising exposure, alcohol expectancies, and drinking initiation for girls. 
In addition, since the time period of this study, the alcohol industry has 
developed lines of products specifically targeted toward women and promoted 
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these products on television. 132 It may be useful to examine advertising for 
specific brands in future research to elaborate these associations for girls in 
addition to boys. 
Limitations and Strengths of this Study 
This study is subject to a number of limitations. First, there was the 
opportunity for misclassification of participants with regard to drinking initiation 
since respondent's interpretation of the question "Have you ever drunk alcohol 
that your parents did not know about?" may not have included occasions when 
children drink with their parents' knowledge. We found there was potential for 
differential outcome misclassification to explain away our findings if 5% or more 
of participants who watched television channels such as Disney or Nickelodeon 
actually initiated drinking even though they reported they had not started 
drinking. The study protocol allowed participants to respond to drinking questions 
by pressing phone buttons and thereby provided some level of privacy. Validation 
studies have shown that self-reported drinking and smoking behaviors are 
reliable when anonymity is assured . 133•134 None-the-less, we found that if a 
relatively small proportion of participants with low levels of advertising exposure 
failed to report drinking initiation, the results could be biased. 
We found other sources of bias to be less likely in our study. Any selection 
bias was likely toward the null given the exposure distributions of our analytic 
sample relative to those who were not selected into the sample. If exposure 
misclassification were differential in that those who initiated drinking were more 
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likely to report watching channels such as Disney rather than Comedy Central , 
we found that at least 43% of the sample must be thus misclassified for the 
results to be explained away by a misclassification bias. 
Our exposure measures were prevalence estimates derived from 
secondary sources and not a direct recall of the exposure by the participant. The 
advertising exposure we imputed from channels other than the participant's 
favorite channel were based on viewing habits of other children of the same age 
and gender who watched the favorite television channel more than any other 
channel. However, results from both of these independent proxy sources 
produced similar results. 
Both the exposure and outcome were measured through self-report 
responses in a survey. This presents the potential for dependent misclassification 
bias which may introduce large changes in the effect estimates. However, we 
have not been able to identify a mechanism by which a respondent's answer to a 
question about drinking alcohol without their parent's knowledge and their 
response to a question about their favorite television channel would be related . 
Therefore, we think dependent misclassification is unlikely to have affected our 
results. 
This study used a very limited measure of alcohol expectancies. We would 
expect a more complete assessment of alcohol expectancies, such as that of the 
AEQ-A, 135 would introduce more variance in alcohol expectancies and strengthen 
these findings. The study did not contain information about respondent health 
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including important confounders of media use and alcohol initiation such as 
depressive symptoms. However, we assessed the impact of depressive 
symptoms and any other missing or unidentified confounder with a bias analysis. 
The bias analysis supported our conclusion that our estimates were unlikely to be 
biased by lack of control for missing confounders. 
The study did not capture information about whether participants generally 
skip commercials when watching television. Recent research shows many 
channels retain 85-95% of their audience during commercials. 136 Therefore, it is 
reasonable to assume that a participant who reported watching a particular 
television channel is exposed to the advertising on that channel. Further, the use 
of GRPs instead of ad counts took into account the actual population prevalence 
of advertising exposure. 
This study was limited to a 12 month time-window, and not all participants 
had initiated drinking within this timeframe. It would be informative to conduct a 
longer study, perhaps using time-to-event analytic methods, to study drinking 
initiation over a longer time frame. 
Finally, while this study focuses on alcohol advertising, it is possible that 
TV programs themselves have alcohol references that may promote drinking, 
either scripted or placed by advertisers. We were not able to control for this 
content in our analysis, but our bias analysis showed that confounding by 
program content would need to be extremely large to explain our findings. 
This study was strengthened by use of a large national sample of youth at 
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the age during which changes in alcohol expectancies were occurring and 
drinking initiation prevalence was rising. The study's prospective design allowed 
us to control for the temporality of the exposure to alcohol advertising and 
subsequent drinking initiation. Two of our three independent measures of alcohol 
advertising exposure based on the participants' favorite television channel 
produced similar results. We controlled for a large number of potential 
confounding factors and used a bias analysis to demonstrate that any residual 
confounding from unidentified confounders would need to be quite large to 
explain our findings. Finally, we used theoretical models to frame our research 
and explain the mechanisms through which a non-linear association between 
alcohol advertising and drinking initiation may be revealed. 
Directions for Future Research 
We recommend that these results be replicated in existing studies of 
alcohol advertising and drinking initiation. Non-linear associations could be 
explored in studies by Stacy et al.,44 Ellickson et al., 48 and Collins et al. 49 
Although those studies may be limited due to their focus on relatively high levels 
of alcohol advertising on television, the results could confirm the associations 
found in this study among participants exposed to similarly high levels. Further, in 
the studies by Ellickson48 and Collins,49 an examination of a potential non-linear 
association between magazine advertising and girls drinking initiation may be 
informative. 
We examined the association between alcohol advertising, alcohol 
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expectancies, and drinking initiation in separate models. It would be informative 
to develop a non-linear mediated model of alcohol advertising, alcohol 
expectancies, and drinking initiation. Recent methodological advances in 
mediated models may make such research feasible. 137 
Our study focused on drinking initiation as an early marker of changes in 
alcohol expectancies that may result from exposure to alcohol advertising. The 
association between alcohol advertising and other drinking behaviors may 
require framing in different theories. After an inaugural drinking experience, 
alcohol expectancies are more likely to be influenced by the context and 
consequences of the actual drinking behavior. Therefore, we may need to 
explore different drinking behaviors that may continue to be uniquely influenced 
by alcohol advertising . We expect that brand-seeking behavior would be one 
such important drinking behavior to study and that theory about the diffusion of 
innovations and consumer behavior may be fruitful literature to explore in future 
research . 
Conclusion 
Relatively small amounts of alcohol advertising are associated with 
increased alcohol expectancies and with drinking initiation among early 
adolescent boys. Alcohol is the single largest contributor to death and disability 
among youth, particularly among males.85•138 The younger a person starts 
drinking the more likely they are to experience a wide variety of negative health 
outcomes. 18•19·21 ·92·93•139-141 This study adds to the growing body of research that 
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suggest alcohol marketers, regulatory authorities, and parents should make 
further efforts to reduce youth exposure to alcohol advertising. 
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Younga Wideb Treatment Results 
Cohort Exposure of (95% Confidence 
Study Age Variance Exposure Interval) 
OR 1.09 (1.01-
Robinson et al. 1998 No Yes No 1.18) 
Per hour of TV 
OR 1.44 (1.27-
1.61) 
Per StDev of ad 
exposure on 
shows popular 
Stacy et al. 2004 No No No with youth 
OR 1.20 (1.05-
1.37) 
Per StDev of ad 
exposure on 
sports programs 
OR 1.05 (No Cl) 
Ellickson et al. 2005 No No Yes Per square root of 
ad exposure 
1.13 (0.95-1 .34) 
Per ad on shows 
popular with youth 
Collins et al. 2007 Yes No No 1.19 (1 .01-1.40) Per ad on sports 
shows 
1.08 (0.83-1.42) 
Per ad on ESPN 
aDid the study examine adolescents at a young enough age to capture the changes in alcohol 
expectancies (ages 8-12)? 
bDid the study examine both high levels and low levels of alcohol advertising exposure 
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Table 2: Analytic sample exposures, covariates and drinking initiation 
Test 
Non- Statistic 
All Initiator Initiator (OF) p 
N (%) 3,576 (100) 3,273 (91 .5) 303 (8.5) NA NA 
Exposures 
Adstock 3-week 34.7±69.3 32.2±66.8 61 .8±87.6 65.4 (1 )b <0.0001 half-life (Mean±SD) 
Mean Imputed Ads 12.9±32.8 12.0±31.9 20.9±39.8 33.1 (1)b <0.0001 (Mean±SD) 
Quartile Imputed Ads 6.9±23.3 6.2±21 .5 13.7±35.3 31 .5(1)b <0.0001 (Mean±SD) 
01 
Demographics ...... 
Age (Mean±SD) 12.9±1.4 12.8±1.4 13.9±1.1 164.2 (1)b <0.0001 
Female Sex N (%) 1,743 (48.7) 1 ,603 (49.0) 140 (46.2) 0.9 (1 )a 0.36 
Race/Ethnicity 5.5 (3)a 0.14 
WhiteN(%) 2,369 (66.3) 2,173 (66.4) 196 (64.7) 
Black N (%) 329 (9.2) 295 (9.0) 34 (11.2) 
Hispanic N (%) 581 (16.3) 525 (16.0) 56 (18.5) 
Other N (%) 297 (8.3) 280 (8.6) 17 (5.6) 
Familial/Social Factors 
Parent Drinking >= 937 (26.2) 826 (26.2) 111 (36.6) 18.5 (1)a <0.0001 1x!Week N (%) 
Parental Monitoring Index 13.3±2.3 13.4±2.2 12.0±2.5 93.6 (1 )b <0.0001 (Mean±SD) 
Presence of Older 2,329 (65.1) 2,111 (64.5) 218 (73) 6.8 (1)a 0.009 Siblings N (%) 
Any Peer Drinking N (%) 750 (21.0) 574 (17.6) 176 (58.3) 275.9 (1)a <0.0001 
Church Attendance >= 2,189 (61.2) 2,039 (62.4) 150 (49.5) 19.3 (1)a <0.0001 1 xNI/eek N (%) 
Self-reported Grades 2,657 (74.3) 2,471 (75.6) 186 (61.6) 28.5 (1 )a <0.0001 Good/Excellent N (%) 
Personality Factors 
(]1 
Sensation-Seeking Scale 111 
<0.0001 N 7.6±2.2 7.5±2.2 8.9±2.1 (1 ,3574)c (Mean±SD) 
Rebelliousness Scale 5.3±1.8 5.2±1.6 6.4±2.4 108.3 (1)b <0.0001 (Mean±SD) 
Other Media Exposures 
Ownership of Alcohol 245 (6.9) 193 (5.9) 52 (17.2) 55.0 (1 )a <0.0001 Promotional Item N (%) 
Number of Alcohol Brands 










8 Chi-square test for differences in proportions 
bKruskai-Wallis chi-square test for difference in medians 
cF-test for differences in means 
2464.5± 
1376.4 78.3 (1 )b <0.0001 
Table 3: Exposure variables and changes in alcohol expectancies 
lmeutedl Ads* 
Change in Mean Mean of Mean of 
Alcohol Adstock Imputed Imputed 
Channel Exeectancies 3-week Means Quartiles 
CBS -0.05 14.9 5.2 2.0 
Univision 0.00 0.0 0.0 0.0 
Animal Planet 0.06 2.6 16.7 6.3 
BET 0.15 22.2 44.0 39.8 
PBS 0.17 0.0 0.0 0.0 
Nickelodeon 0.20 0.0 1.1 0.0 
WB 0.23 0.0 0.0 0.0 
The History 
Channel 0.24 24.3 27.8 9.3 
ABC 0.25 16.3 4.4 1.0 
UPN 0.29 0.5 2.6 1.7 
Cartoon Network 0.31 0.0 8.3 5.1 
Disney 0.32 0.0 15.7 6.0 
ABC Family 0.38 0.0 11 .7 4.7 
Discovery 0.42 46.3 15.5 8.5 
FOX 0.50 10.9 3.6 0.9 
TNT 0.52 99.7 41.1 26.5 
ESPN 0.59 521 .8 111.5 64.3 
NBC 0.79 25.4 9.5 3.3 
Comedy Central 0.96 258.9 51.0 33.2 
TBS 0.97 105.3 25.5 17.4 
*Imputed ads were derived from channels watched in combination with the 
favorite channel based on a national survey of viewing behaviors. The Mean 
imputed value is the mean number alcohol ads seen and the Quartile imputed 
value is assigned based on the amount of television viewing reported. 
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Table 4. Summary of exposure measures on top-20 favorite television channels and drinking initiation 
lm~uted Ads3 
Change in Alcohol Mean of Mean of 
Risk Expectancies Mean Imputed Imputed 
Favorite Channel Initiators N (%) Mean±StDev Adstock Means Quartiles 
Disney 34 701 4.9 0.32±1.23 0.0 15.7 6.0 
Nickelodeon 16 472 3.4 0.20±1.46 0.0 1.1 0.0 
Cartoon Network 21 410 5.1 0.31±1.35 0.0 8.3 5.1 
FOX 33 276 12.0 0.50±1.58 10.9 3.6 0.9 
WB 19 208 9.1 0.23±1.39 0.0 0.0 0.0 
ABC Family 10 154 6.5 0.38±1.42 0.0 11 .7 4.7 
ESPN 21 143 14.7 0.59±1 .71 521 .8 111.5 64.3 
Comedy Central 25 103 24.3 0.96±2.01 258.9 51 .0 33.2 
BET 24 94 25.5 0.15±1.65 22.2 44.0 39.8 
01 ABC 5 83 6.0 0.25±1.31 16.3 4.4 1.0 
01 
UPN 7 69 10.1 0.29±1.40 0.5 2.6 1.7 
NBC 7 47 14.9 0.79±1.63 25.4 9.5 3.3 
TNT 5 42 11.9 0.52±1.33 99.7 41 .1 26.5 
CBS 4 40 10.0 -0.05±1.78 14.9 5.2 2.0 
Animal Planet 0 36 0.0 0.06±1.04 2.6 16.7 6.3 
History Channel 4 34 11 .8 0.24±1.69 24.3 27.8 9.3 
Discovery 3 31 9.7 0.42±1.50 46.3 15.5 8.5 
PBS 2 30 6.7 0.17±0.79 0.0 0.0 0.0 
TBS 5 30 16.7 0.97±1.45 105.3 25.5 17.4 
Univision 6 28 21.4 0.00±1 .56 0.0 0.0 0.0 
almputed ads were derived from channels watched in combination with the favorite channel based on a national survey of viewing 
behaviors. The Mean imputed value is the mean number alcohol ads seen and the Quartile imputed value is assigned based on the 
amount of television viewing reported. 
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Table 5: Linear and piecewise-linear models of the association between adstock and change in alcohol 
expectancies over 12 months 
A. Simple Linear Adstock 
Change in Alcohol Expectancies 
(95% Confidence Interval) 
Exposure Unitsb Unadjusted Adjusted3 
All 255 0.20(0.09,0.31) 0.10(-0.02,0.21) 
Boys 255 0.20 (0.08,0.32) 0.11 (-0.02,0.23) 
Girls 57 0.04 (0.02,0.07) 0.14 (-0.04,0.32) 
B. Piecewise-Linear Adstock 
Change in Alcohol Expectancies 
(95% Confidence Interval) 
Exposure-Unadjusted Unitsb Segment 1 Segment 2 Segment 3 





0.32 (-0.08,0.72) 0.87 (0.48, 1.26) 0.17 (0.04,0.29) 
-0.14 (-0.49,0.21) 0.16 (-0.18,0.51) 0.36 (0.14,0.59) 
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C. Piecewise-Linear Adstock 
Change in Alcohol Expectancies 
(95% CQnfi~ence Interval) 
Exposure-Adjusteda Unitsb Segf!1ent 1 Segment 2 Segment 3 
All 4312551255 -0.10(-0.37,0.16) 0.63(0.28,0.97) 0.06(-0.06,0.17) 
Boys 4312551255 0.17 (-0.24,0.58) 0.65 (0.24,1.05) 0.08 (-0.04,0.21) 
Girls 46 I 57 I 57 -0.33 (-0.69,0.02) 0.05 (-0.29,0.39) 0.29 (0.06,0.51) 
a Adjusted for sex, race, age, parent drinking, peer drinking, school grades, parental control , religiosity, presence of older siblings, family 
composition, hh income, extra-curricular activities, sensation-seeking, rebelliousness, alcohol movie exposure, and TV viewing time 
bThe values represent the range over which the change in expectancies was calculated, with the first number corresponding to segment 1, 
the second number to segment 2, and the third number to segment 3. These ranges were chosen based on segment cut points that 
maximized model fit and precision. Ranges for the simple linear model were chosen to match the high range of the piecewise-linear model 
to facilitate comparisons 
Table 6: Linear and piecewise-linear models of the association between imputed mean ads and change in alcohol 
expectancies over 12 months 











Change in Alcohol Expectancies 
(95% Confidence Interval) 
Unadjusted Adjusteda 
0.16 (0.07,0.25) 0.08 (-0.02,0.17) 
0.18 (0.08,0.29) 0.10 (-0.01 ,0.21) 
0.02 (-0.08,0.12) 0.00 (-0.10,0.10) 
Change in Alcohol Expectancies 
(95% Confidence Interval) 
Unadjusted Adsb Segment 1 Segment 2 Segment 3 
All 12 I 45 I 45 0.26 (0.07,0.46) 0.37 (0.18,0.56) 0.15 (0.05,0.25) 
Boys 
Girls 
12 I 45 I 45 
12 I 36 I 36 
0.23 (-0.06,0.52) 0.58 (0.32,0.84) 0.16 (0.05,0.27) 




Change in Alcohol Expectancies 
(95% Confidence Interval) 
Exposure-Adjusteda Adsb Segmen! 1 Segme11t_2 Segment 3 
All 12 I 45 I 45 0.22 (0.03,0.41) 0.24 (0.05,0.44) 0.07 (-0.03,0.18) 
Boys 12145145 0.23(-0.05,0.52) 0.45(0.18,0.71) 0.09(-0.02,0.21) 
Girls 12 I 36 I 36 0.12 (-0.14,0.39) -0.16 (-0.41,0.10) 0.25 (-0.01,0.51) 
aAdjusted for sex, race, age, parent drinking, peer drinking, school grades, parental control , religiosity, presence of older siblings, family 
composition, hh income, extra-curricular activities, sensation-seeking, rebelliousness, alcohol movie exposure, and TV viewing time 
bThe values represent the range over which the change in expectancies was calculated, with the first number corresponding to segment 1, 
the second number to segment 2, and the third number to segment 3. These ranges were chosen based on segment cut points that 
maximized model fit and precision . Ranges for the simple linear model were chosen to match the high range of the piecewise-linear model 
to facilitate comparisons 
Table 7: Linear and piecewise-linear models of the association between imputed quartile ads and change in alcohol 
expectancies over 12 months 
Change in Alcohol Expectancies 
{95% Confidence Interval) 
A. Simple_I.Jnear Exposure Adsb Unadjusted Adjusteda 
All 14 0.04 (0.01 ,0.08) 0.03 (-0.01 ,0.06) 
Boys 14 0.06 (0.02,0.1 0) 0.05 (0.00,0.09) 
Girls 17 0.02(-0.07,0.11) -0.03(-0.12,0.06) 
B. Piecewise-Linear 
Change in Alcohol Expectancies 
{95% Confidence Interval) 
~ Exposure-Unadjusted Adsb Segment 1 Segment 2 Segment 3 
All 14/14/14 0.32 (0.11 ,0.53) 0.17 (0.04,0.31) 0.04 (0.01 ,0.07) 
Boys 14/14/14 0.46 (0.13,0.79) 0.22 (0.05,0.38) 0.06 (0.02,0.10) 




Change in Alcohol Expectancies 
(95% Confidence Interval) 
Exposure-Adjusteda Adsb Segment 1 Segment 2 Segment 3 
All 14 I 14 I 14 0.26 (0.03,0.48) 0.08 (0.01 ,0.14) 0.02 (-0.01 ,0.05) 
Boys 14 I 14 I 14 0.511 (0.171 ,0.851) 0.18 (0.01 ,0.35) 0.06 (0.01 ,0.1 0) 
Girls 5 I 17 I 17 0.07 (-0.03,0.17) 0.07 (-0.19,0.33) -0.03 (-0.13,0.06) 
2Adjusted for sex, race, age, parent drinking, peer drinking, school grades, parental control , religiosity, presence of older siblings, family 
composition, hh income, extra-curricular activities, sensation-seeking, rebelliousness, alcohol movie exposure, and TV viewing time 
bThe values represent the range over which the change in expectancies was calculated, with the first number corresponding to segment 1, 
the second number to segment 2, and the third number to segment 3. These ranges were chosen based on segment cut points that 
maximized model fit and precision. Ranges for the simple linear model were chosen to match the high range of the piecewise-linear model 
to facilitate comparisons 













8 to 56 
12 to 57 









Range in Which Change in 
Expectancies Expectancies 
Changing at per Ad 
Highest Rate (Standard Error) 
Exposure Measure (Ads) for this Ranget 
Adstocka 20 to 30 0.03 (0.01 0) 
Imputed Mean 48 to 84 0.04 (0.018) 
Imputed Quartile 0 to 14 0.07 (0.051) 
aAdstock converted to ads by regressing ads as a function of adstock. The conversion factor is 
approximately 0.19 : 1 (adstock:ad) 




Table 9: Linear and piecewise-linear models of the association between adstock and drinking initiation within 12 
months 









Odds Ratio over Range 
(95% Confidence Interval) 
Unadjusted Adjusteda 
1.8 (1.4,2.3) 1.3 (0.9, 1. 7) 
1.8 (1.4,2.3) 1.3 (1 .0,1.7) 
1.3 (1.1,1.7) 1.0 (0.8,1.4) 
Odds Ratio over Range 
(95% Confidence Interval) 
Exposure-Unadjusted Adstock Unitsb Segment 1 Segment 2 Segment 3 




14 I 294 I 294 
29 I 36 I 36 
3.1 (1.7,5.7) 7.4 (4.1,13.6) 1.7 (1 .3,2.3) 
3.0 (1.7,5.3) 2.8 (1.7,4.8) 1.0 (0.7,1 .5) 
Odds Ratio over Range 
(95% Confidence Interval) 
Exposure-Adjusted3 Adstock Unitsb Segment 1 Segment 2 Segment 3 
All 1412941294 1.7(1.0,2.8) 2.9(1.5,5.6) 1.2(0.9,1.7) 
Boys 1412941294 2.1 (1 .1,4.2) 3.4(1.7,6.9) 1.3(0.9,1.8) 
Girls 29 I 36 I 36 1.5 (0.8,3.1) 1.8 (1.0,3.3) 0.9 (0.6,1.3) 
8Adjusted for sex, race, age, parent drinking, peer drinking, school grades, parental control, religiosity, presence of older siblings, family 
composition , hh income, extra-curricular activities, sensation-seeking, rebelliousness, alcohol movie exposure, and TV viewing time 
0) 
~ 
bThe values represent the range over which the change in odds was calculated, with the first number corresponding to segment 1, the 
second number to segment 2, and the third number to segment 3. These ranges were chosen based on segment cut points that 
maximized model fit and precision. Ranges for the simple linear model were chosen to match the high range of the piecewise-linear model 
to facilitate comparisons 
(j) 
01 
Table 10: Linear and piecewise-linear models of the association between imputed mean ads and drinking initiation 
within 12 months 









Odds Ratio over Range 
(95% Confidence Interval) 
Unadjusted Adjusteda 
1.1 (1.011.1) 1.3(0.911.7) 
1.1 (1.011.1) 1.3 (1 .011 .7) 
1.3 (1.01 1.5) 1.0 (0.81 1.4) 
Odds Ratio over Range 
(95% Confidence ln_!erval) 
Exposure-Unadjusted Adsb Segment 1 Segment 2 Segment 3 
All 27 I 30 I 30 0.8 (0.51 1.3) 2.6 (2.013.3) 1.2 (1.1 I 1.4) 
Boys 27 I 30 I 30 0.9 (0.412.0) 3.1 (2.3,4.2) 1.3 (1.1 I 1.5) 
Girls 27 I 30 I 30 0.7 (0.31 1.3) 1.8 (1.212.8) 1.1 (0.612.1) 
C. Piecewise-Linear 
Odds Ratio over Range 
{95% Confidence Interval) 
Exposure-Adjusteda Adsb Segment 1 Segment 2 Segment 3 
All 27 I 30 I 30 0.8 (0.4, 1.3) 1.6 (1 .2,2.2) 1.1 (0.9, 1.3) 
Boys 27 I 30 I 30 0.8 (0.3, 1.8) 1.9 (1 .3,2.8) 1.1 (0.9, 1.3) 
Girls 27130130 0.7(0.3,1.4) 1.2(0.7,2.0) 1.1(0.6,2.3) 
aAdjusted for sex, race, age, parent drinking, peer drinking, school grades, parental control , religiosity, presence of older siblings, family 
composition, hh income, extra-curricular activities, sensation-seeking, rebelliousness, alcohol movie exposure, and TV viewing time 
t>rhe values represent the range over which the change in odds was calculated , with the first number corresponding to segment 1, the 
second number to segment 2, and the third number to segment 3. These ranges were chosen based on segment cut points that 
maximized model fit and precision. Ranges for the simple linear model were chosen to match the high range of the piecewise-l inear model 




Table 11: Linear and piecewise-linear models of the association between imputed quartile ads and drinking 
initiation within 12 months 
Odds Ratio over Range 
{95% Confidence Interval} 
A. Simple Linear Exposure Ads Unadjusted Adjusteda 
All 103 1.4 (1 .1,1 .8) 1.2 (0.9,1 .6) 
Boys 103 1.2 (1.1 ,1.3) 1.4 (1 .0,2.0) 
Girls 23 1.0 (0.9,1.1) 1.0 (0.8,1 .1) 
B. Piecewise-Linear 
Odds Ratio over Range 
{95% Confidence Interval} 
Exposure-Unadjusted Adsb Segf1!ent 1 Segment 2 Segment 3 





2.9 (1.5,5.6) 6.3 (3.5,11 .2) 2.2 (0.9,5.3) 
1.2 (0.5,2.9) 2.0 (1 .1,3.9) 0.8 (0.5,1.3) 
C. Piecewise-Linear 
Odds Ratio over Range 
{95% Confidence Interval) 
Exposure-Adjusteda Adsb Segment 1 Segment 2 _ Segment 3 
All 32/103/103 1.0(0.5,1.8) 2.0(1.0,3.7) 1.1 (0.4,3.3) 
Boys 32 /103/103 0.9 (0.4, 1.9) 3.0 (1.5,6.2) 1.2 (0.4,3. 7) 
Girls 9 /23/ 23 1.4 (0.6,3.1) 1.1 (0.4,3.4) 0.5 (0.2, 1.1) 
8Adjusted for sex, race, age, parent drinking, peer drinking, school grades, parental control, religiosity, presence of older siblings, family 
composition, hh income, extra-curricular activities, sensation-seeking, rebelliousness, alcohol movie exposure, and TV viewing time 
bThe values represent the range over which the change in odds was calculated, with the first number corresponding to segment 1, the 
second number to segment 2, and the third number to segment 3. These ranges were chosen based on segment cut points that 
maximized model fit and precision. Ranges for the simple linear model were chosen to match the high range of the piecewise-linear model 
m to facilitate comparisons 
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1 to 59 
27 to 57 







5 to 12 
27 to 57 
Log Odds of 
Initiation 






Log Odds of 
Initiation 










1.02 (1 .01 '1.03) 
1.02 (1.01,1 .04) 
1.01 (1 .00, 1.02) 
Odds Ratio 




1.08 (1 .00,1.18) 
1.01 (1 .00, 1.02) 
Quartile 31 to 54 -0.021 (0.012) 1.00 (1.00, 1.00) 
8Adstock converted to ads by regressing ads as a function of adstock. The conversion factor is 
approximately 0. 19 : 1 (adstock:ad) 




Table 13: Bias Analysis- Simulating depressive symptoms as confounder of association between alcohol 
advertising and drinking initiation 
Odds Ratio over Range (95% Confidence Interval) 
Piecewise-Linear Exposure- Adstock 
Adjusteda Unitsb Segment 1 Segment 2 Segment 3 
Baseline Model - Adstock 
(Adjusted) 14 I 294 I 294 1.68 (1 .00,2.82) 2.88 (1.49,5.59) 1.22 (0.89, 1.69) 
Simulating Depressive Symptoms as Confounder 
pC_E_Pos=0.1 0 
pC_E_Neg=0.05 
RRcd=1.5 1412941294 1.64 (0.97,2.77) 2.80 (1.44,5.45) 1.21 (0.88,1.67) 
pC_E_Pos=0.125 
pC_E_Neg=0.075 
RRcd=1 .5 1412941294 1.64 (0.97,2.77) 2.81 (1.44,5.47) 1.21 (0.88,1 .67) 
pC_E_Pos=0.1 0 
pC_E_Neg=0.05 
RRcd=2.0 1412941294 1.60 (0.95,2.71) 2.72 (1 .39,5.32) 1.20 (0.87,1 .66) 
pC_E_Pos=0.125 
pC_E_Neg=0.075 
RRcd=2.0 1412941294 1.61 (0.95,2.73) 2.75(1.41,5.36) 1.20(0.87,1.66) 
pC _E_Pos=0.1 0 
pC_E_Neg=0.05 
RRcd=2.5 1412941294 1.58(0.93,2.68) 2.71 (1 .38,5.31) 1.19(0.86,1.65) 
pC_E_Pos=0.125 
pC_E_Neg=0.075 
RRcd=2.5 1412941294 1.58 (0.93,2.68) 2.71 (1 .38,5.31) 1.19 (0.86,1.65) 
a Adjusted for simulated confounder and sex, race, age, parent drinking, peer drinking, school grades, parental control , religiosity, presence 
of older siblings, family composition , hh income, extra-curricular activities, sensation-seeking, rebelliousness, alcohol movie exposure , 
and TV viewing time 
bThe values represent the range over which the change in expectancies was calculated , with the first number corresponding to segment 1, 
the second number to segment 2, and the th ird number to segment 3. These ranges were chosen based on segment cut points that 
maximized model fit and precision . Ranges for the simple linear model were chosen to match the high range of the piecewise-linear model 
to facilitate comparisons 
""-' 
...... 
pC_E_Pos = prevalence of depressive symptoms among those exposed to alcohol advertising on their favorite channel (adstock>O) 
pC_E_Neg =prevalence of depressive symptoms among those not exposed to alcohol advertising on their favorite channel (adstock=O) 
RRcd = Relative risk of drinking initiation for those with depressive symptoms versus those without depressive symptoms 
-....J 
N 
Figure 1: Association between advertising level (stimulus) and sales for beer (response) 
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Source: Ackoff RL, Emshoff JR Advertising Research at Anheuser-Busch, Inc. (1963-68). Slone Management Review 1975; 16(2): 1-15, 
Figure 1 
© 1975 from MIT Sloan Management Review/Massachusetts Institute of Technology. 
Reprinted with permission 
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Threshold Transition Ackoff and Emshoff 
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AdStkGender_3 
AdStkGender_3 = adstock based on GRPs matched by age and sex from the Nielsen Audience Survey calculated using a 3 week 
half life (a decay rate of 0.761) 
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ExpSingle 
ExpSingle = number of ads estimated from the mean of the imputed distribution of advertising exposure for children matched by 
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ExpQr11 
ExpQrtl= number of ads estimated from quartiles of the imputed distribution of advertising exposure for children matched by 
sex and age to the Nielsen Cume study 
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Distribution of AttDiff3 
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AttDiff3 
AttDiff3 = Change in alcohol expectancies between Wave 2 and Wave 3. 
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Figure 9: Three-segment Piecewise Linear Curve of Change in Alcohol Expectancies over 12 Months as a Function 
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Figure 10: Three-segment Piecewise Linear Curve of Change in Alcohol Expectancies over 12 Months as a 
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Figure 11: Three-segment Piecewise Linear Curve of Change in Alcohol Expectancies over 12 Months as a 
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Figure 12: Graphical analysis of association between alcohol advertising exposures and probability of alcohol 
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Figure 13: Three-segment Piecewise Linear Curve of Log-Odds of Alcohol Initiation over 12 Months as a Function 
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Figure 14: Three-segment Piecewise Linear Curve of Log-Odds of Alcohol Initiation over 12 Months as a Function 
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Figure 15: Three-segment Piecewise Linear Curve of Log-Odds of Alcohol Initiation over 12 Months as a Function 
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Figure 16: Bias Analysis- Characteristics of unidentified residual confounder that would explain the association 




Highlighted Points Result in Odds Ratio between 0.96 and 1.04 for 
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Figure 17: Bias Analysis- Details of characteristics of unidentified residual confounder that would reduce the lower 
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Figure 18: Exposure Misclassification Bias Analysis- Adjusted Odds Ratio and 95% Lower Confidence Limit as a 
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Figure 19: Outcome Misclassification Bias Analysis- Adjusted Odds Ratio and 95% Lower Confidence Limit as a 
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ADOLESCENT FREEDOMS AND DRINKING INITIATION: A 
PROSPECTIVE STUDY 
BACKGROUND 
Alcohol is the drug most frequently used by adolescents 142 and early 
initiation of alcohol use is associated with increased rates of alcohol abuse and 
dependence, unintentional injury, sexual assault and unwanted pregnancies, and 
homicides and suicides. 17·19·22·93·95 Therefore, it is desirable to delay the initiation 
of alcohol use as long as possible. Parents have a role to play in delaying the 
onset of drinking, starting with their own drinking behaviors. 
Parent drinking has been shown to influence their child 's drinking, 
particularly at later stages of adolescent development. 58 Some studies have 
shown that drinking of mothers and fathers have differential influences on 
drinking behaviors of their same-sex children. 57 Boys are more likely to mimic the 
drinking patterns of their fathers and girls are more likely to mimic their mother's 
patterns. 57 Drinking parents influence their child's drinking, regardless of sex, 
both by directly modeling drinking behavior, as well as providing oversight of their 
children's peer affiliations. 58 Children of an alcohol-dependent father are more 
likely to escalate their drinking than children of parents without alcohol-
dependency.143 This association has been reported to be mediated by the 
father's monitoring and control practices relative to his children such that 
increased monitoring and control reduced the rate of increase in drinking.143 
91 
Beyond directly modeling of drinking behaviors, parents may also 
influence their children 's drinking behaviors by communicating their expectations 
regarding drinking and limiting access to alcohol. When children perceive that 
their parents' are permissive or tolerant of underage drinking, they are more likely 
to engage in patterns of risky drinking.66 Parent-child communications about 
alcohol have not been found to protect against drinking initiation, but they have 
been shown to reduce the risk of drinking escalation. 144 Early in a child's drinking 
experience, they are far more likely to acquire alcohol from their parents than 
from any other source. 145 Other social sources of alcohol become prevalent as 
the child ages into social circles that include older adolescents. 145 
In addition to the parent's drinking habits and attitudes, parenting styles 
have also been shown to influence children 's drinking behaviors above and 
beyond peer influences, and these influences may provide protective benefits 
into late adolescence and young adulthood.63·66 Parenting styles have been 
classified based on the amount of support and affection demonstrated by the 
parent, and by the amount of control and limit-setting the parent places on the 
child. 114 Numerous studies have used this support-and-control framework to 
assess parenting influences on adolescent drinking. 56•57•59·60•62-67• 114• 146-161 
Generally, parenting styles that exhibit high levels of support and high 
levels of control, so-called "authoritative" styles, have been shown to be 
protective of adolescent drinking initiation, drinking escalation, and risky 
drinking.60·146·153•161 The majority of studies have found that parental control and 
92 
monitoring are protective of adolescent drinking, while research results for 
parental support have been more mixed.56·114•146•160 Some research has found 
evidence that parental control is a mediator of the relationship between parental 
support and adolescent drinking, suggesting that demonstrations of parental 
support may create an environment in which parental monitoring and control is 
tolerated by the adolescent, providing a protective benefit. 63•64 
This research on parenting styles and child drinking has influenced 
prevention programs to include a family education component. Programs 
typically instruct parents that they can reduce their child's drinking risk with 
monitoring activities such as knowing where their child is in their free-time and 
guiding their peer affiliations.61 •162 However, the prospective association between 
such specific rules and drinking initiation has not been studied. All studies of 
which we are aware have analyzed parental monitoring activities broadly, using 
summation scales that count the number of monitoring activities.56•57·59·60•62-
67'114·146-161 If the enforcement of specific rules is being recommended as a 
protection for adolescent drinking, then these rules should be studied individually 
in a longitudinal study. 
The objective of the current study was to assess the association between 
different freedoms that are granted non-drinking adolescents by their parents and 
the initiation of drinking alcohol over 12 months. We examined freedoms reported 
by the adolescent (as opposed to rules reported by the parent) because the 
adolescent report of parental monitoring has been shown to be a stronger 
93 
predictor of actual drinking behaviors than parent self-report of their monitoring 
activities. 52 We examined the influence of seven individual freedoms that parents 
may grant their adolescent children as well as combinations of freedoms. We 
hypothesize that adolescents who are given freedoms with respect to their peer 
associations and time away from home will exhibit higher risk of alcohol initiation. 
METHODS 
Study Population 
We utilized data from Waves 1 and 2 of the National Longitudinal Study of 
Adolescent Health. 163 Details of the recruitment and sampling strategies for this 
study have been previously reported. 164 Briefly, a random sample of U.S. high 
schools with students in grades 9 through 11, and at least 30 student enrollees, 
was invited to participate. Affiliated junior high schools or middle schools were 
also captured in the sample so that students in grades 7 and 8 could also be 
studied. In-school surveys were administered during the 1994-1995 school year. 
From the sample of participants who completed in-school surveys, a random 
sample stratified by grade and sex was selected for interviews conducted in their 
homes. The first round of in-home interviews was conducted between April and 
December 1995 (Wave 1) and the second round was conducted approximately 1 
year later in 1996. 
There were 6,504 adolescents in Wave 1, of which 2,542 were drinking at 
baseline and not eligible for the study; 27 did not report their freedoms at Wave 
94 
1; 1,670 were lost to follow-up at Wave 2; and 114 were missing their drinking 
status at Wave 2. Participants missing information on their freedoms or drinking 
status were more likely to be male, older, and of White or Hispanic race/ethnicity. 
This left a potential analytic sample of 2, 171. However, an additional 1,044 
participants were missing information on covariates. Therefore, we conducted 
analyses on both a complete case sample of 1, 127 participants and a sample of 
2,171 participants with imputed covariate information as described below. 
Measures 
Adolescent Freedoms 
Our primary exposure variables were adolescent's self report at Wave 1 of 
seven freedoms or decisions which parents allowed adolescents to make for 
themselves. Each question requested a Yes/No response: "Do your parents let 
you make your own decisions about the time you must be home on weekends?"; 
"Do your parents let you make your own decisions about the people you hang 
around with?"; "Do your parents let you make your own decisions about what you 
wear?"; "Do your parents let you make your own decisions about how much 
television you watch?"; "Do your parents let you make your own decisions about 
which television programs you watch?", "Do your parents let you make your own 
decisions about what time you go to bed on week nights?", "Do your parents let 
you make your own decisions about what you eat?" 
We reduced the seven freedoms using an Exploratory Factor Analysis, 
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resulting in two factors. We labeled the first factor as the "Time/Media Factor" 
and the second factor the "Social Factor." We provide more information about 
these factors in the results section. Finally, we summed the total number of 
freedoms reported by the adolescent participant to create a simple count scale 
similar to those used in prior research63•160 (Cronbach alpha=0.60). 
Drinking Initiation 
Participants were asked the following Yes/No question: "''Have you had a 
drink of beer, wine, or liquor-not just a sip or a taste of someone else's drink-
more than 2 or 3 times in your life?" We considered participants to have initiated 
drinking if they responded in the negative at Wave 1 and in the affirmative at 
Wave 2. 
Covariates 
Covariates were selected based on a review of prior research that 
identified factors likely to be associated with parental monitoring or control and 
drinking behaviors. All covariates were assessed at Wave 1. Age was calculated 
from the date of the interview. Self-reported Race/Ethnicity was classified 
through participant self-report into the following categories: non-Hispanic white, 
non-Hispanic black, Hispanic, and Other. Biological sex was recorded by self-
report. Parental support was assessed in the manner of Resnick and 
colleagues 164 using a five-item scale for each parent separately (Cronbach alpha 
0.83 for mothers, 0.86 for fathers). Parent drinking was measured with the 
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following question from the parent in-home interview: "How often do you drink 
alcohol?" Since we were concerned about any modeling of alcohol consumption 
by parents, we dichotomized the responses to any alcohol consumption versus 
none. Peer drinking was assessed with the question: "Of your 3 best friends, how 
many drink alcohol at least once a month?" (no friends, one, two, or three 
friends) and the number of drinking friends was used in the analysis. 
Religiosity165 was a 3-question scale (Cronbach alpha 0.71): "How important is 
religion to you?" (very important, fairly important, fairly unimportant, not important 
at all); "How often attend religious services in the past year?" (once a week or 
more, once a month or more but less than once a week, less than once a month, 
never); "Many churches, synagogues, and other places of worship have special 
activities for teenagers-such as youth groups, Bible classes, or choir. In the 
past 12 months, how often did you attend such youth activities?" (same response 
options as previous). Sensation-seeking was assessed with a scale developed 
by Miles and colleagues for the Add Health data.166 The sensation-seeking index 
was created by summing one point each for a) no birth control use during first 
sexual intercourse; b) no birth control use during most recent sexual intercourse; 
c) having at least 3 sexual partners; d) never wearing a seatbelt; e) never or 
rarely wearing a bicycle helmet; f) riding a motorcycle at least once; g) taking a 
dare more than 2 or 3 times a month. The index ranged from 0 to 7. Deviance 
was assessed with a 15-item scale (Cronbach alpha 0.84) (e.g., "In the past 12 
months, how often did you paint graffiti or signs on someone else's property or in 
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a public place?" responses never, 1 or 2 times, 3 or 4 times, 5 or more times). 
Depressive symptoms were assessed with an abbreviated form of the Center for 
Epidemiologic Studies Depression Scale (CES-D Scale) 167 consisting of 
questions on the frequency of experiencing 18 symptoms during the past week 
(responses never or rarely, sometimes, a lot of the time, most of the time or all of 
the time): "you were bother by things that don't usually bother you," "you didn't 
feel like eating, your appetite was poor", "you felt that you could not shake off the 
blues, even with help you're your family and your friends", "you felt that you were 
just as good as other people", "you had trouble keeping your mind on what you 
were doing", "you felt depressed", "you felt that you were too tired to do things", 
"you felt hopeful for the future (reverse coded)", "you thought your life had been a 
failure", "you felt fearful", "you were happy (reverse coded)","you talked less than 
usual", "you felt lonely", "people were unfriendly to you", "you enjoyed life 
(reverse coded)","you felt sad", "you felt that people disliked you", "it was hard to 
get started doing things", "you felt life was not worth living." 
Analysis Plan 
Due to the large amount of missing information for covariate measures, 
we used multiple imputation to create five imputed datasets with SAS Proc Ml 
(SAS Institute, Cary, NC) with the Markov Chain Monte Carlo option. 168 To 
ensure that the complete case analysis was not biased relative to the analysis 
with imputed data, we compared the results of the multiple imputed models with 
models estimated using only complete cases. 
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We estimated odds ratios as a measure of the relative odds of drinking 
initiation over 12 months using multivariate logistic regression. Covariates were 
selected based on a review of prior research to identify factors likely to be 
associated with both parental monitoring and drinking initiation. While some 
covariates exhibited no confounding of the results for some freedoms versus 
other freedoms, we kept all covariates in all models for consistency across 
analysis of different freedoms. Models were estimated for all participants and 
then stratified by sex since both parental monitoring and rates of drinking 
initiation are likely to vary strongly by sex and the mechanism by which girls and 
boys start drinking may differ. For example, girls who mature at an earlier age 
may associate with older peers 14 and therefore rules pertaining to peer selection 
may operate differently on girls than boys. 
We found that those participants with low parental monitoring (or greater 
freedoms) were more likely to be lost to follow-up between Wave 1 and Wave 2. 
To adjust for potential selection bias due to differential loss-to-follow-up, we 
created a logistic regression model to estimate the probability of attrition from the 
dataset. The attrition model used independent variables that were not in the set 
of covariates for our analysis to predict the probability of attrition. We found 5 
variables that produced an attrition model with adequate predictive capabilities 
(area under ROC curve c=0.74). The variables included: "In the last month, how 
often did a health or emotional problem cause you to miss a social or recreational 
activity? (responses: never, just a few times, about once a week, almost every 
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day)"; "What do you think are the chances that each of the following things will 
happen to you -you will be killed by age 21? (responses: almost no chance, 
some chance, but probably not a 50-50 chance, a good chance, almost certain)"; 
"In the last month, how often did a health or emotional problem cause you to 
miss a day of school? (responses: never, just a few times, about once a week, 
almost everyday, everyday)"; "How much do you agree or disagree with the 
following statement: You feel like you are part of your school? (responses: 
strongly agree, agree, neither agree nor disagree, disagree, strongly disagree)"; 
"how many times have you skipped school without an excuse (number response 
from 0 to 99)." This attrition model produced a probability of attrition for each 
participant (Prob(Attrition)). We created a weight for participants remaining in the 
study based on the inverse probability of remaining in the study: Weight= 1 I (1-
Prob(Attrition)).117 
All statistical tests were determined a priori to be significant at 0.05. All 
analyses were conducted in SAS V9.3 (SAS Institute, Cary, NC). 
RESULTS 
Attributes of Study Sample 
The study population was 53% female, with ages ranging from 10 to 19 
years and a mean and standard deviation of 15.6±1.63 years; 51.5% were non-
Hispanic white, 25.4% non-Hispanic black, 11.6% Hispanic, and 11.6% other 
race/ethnicity (Table 14). Most adolescents reported many of the freedoms we 
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examined: 88.7% could choose their clothes, 83.9% could choose the people 
with whom they associated, 77.8% could make their own decisions about the 
amount of television they watched, 76.7% could make their own decisions about 
what to eat, 69.4% could make their own decisions about what television 
programs they watched, and 56.0% could make their own decision about their 
bedtime on weeknights. The only freedom reported by less than a majority of 
adolescents was the freedom to choose what time to come home on weekends, 
which was reported by only 28.9% of participants. Most of the freedoms did not 
vary significantly by sex, with the exception that boys were more likely to be able 
to choose what time they came home on weekends and girls were more likely to 
be able to choose what food they ate. 
Over the 12-month study period, 23.1% of participants initiated drinking 
and this proportion was the same for both girls and boys. The drinking initiation 
rate was similar to that reported in other adolescent studies. 106·169·170 
Factor Analysis of Adolescent Freedoms 
An Exploratory Factor Analysis of the seven freedoms yielded two factors 
that explained 44% of the variance. Rotated factor loadings are shown in Table 
15. The "Time/Media Factor" accounted for 29% of the variance and carried a 
high factor loading for "What time you go to bed on week nights" and moderate 
factor loadings for "Time you must be home on weekends," 'What television 
programs you watch," and "What you eat." The "Social Factor" accounted for 
15% of the variance and carried a high factor loading for "What you wear" and 
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"People you hang around with. " The freedom "How much television you watch" 
did not load differentially on either factor. 
Association between Adolescent Freedoms and Drinking Initiation 
The adjusted relative odds of drinking initiation over 12 months for 
adolescents reporting different freedoms are presented in Table 16 (see also 
Figure 20) in which we compare effect estimates for models using only 
participants with complete covariate information, models using imputed data for 
missing covariates, and models using imputed covariate data that has been 
weighted to account for participants who have been lost to follow-up. Results for 
the models estimated with multiple imputation are similar to those estimated 
using only complete cases. Further, no selection bias was evident when we 
adjusted for loss-to-follow-up by weighting. For the balance of the analyses, we 
will interpret models estimated using the weighted multiple imputation data. 
We found that the odds of drinking initiation over 12 months for 
adolescents who reported they were free to make their own decisions about what 
time to go to bed on weeknights was 1.53 times the odds (95% confidence 
interval1.27-1 .86) for adolescents who did not report this freedom. We did not 
find the same increase in the odds of drinking initiation for adolescents who were 
free to choose what time they came home on weekends (odds ratio 0.90, 95% 
confidence interval 0.74-1.11). 
Freedoms related to the amount of television watched and the choice of 
television programs also increased the risk of drinking initiation, although these 
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results were not statistically significant. There was an indication that participants 
who were free to watch as much television as they wished had 1.20 times the 
odds drinking initiation (95% confidence interval 0.95-1.50) relative to those who 
did not report this freedom, and, an indication that participants who could choose 
their television programs had 1.22 times the odds (95% confidence interval 0.99-
1.50). 
We found an indication that adolescents who could make their own 
decisions about what they ate had increased odds of drinking initiation (odds 
ratio 1.24, 95% confidence interval 0.99-1.55). 
Finally, adolescents who scored higher on the time-media factor and 
adolescents who were given a larger number of freedoms both were at higher 
risk for drinking initiation. For each unit increase in the time-media factor, the 
odds of drinking initiation increased by a factor of 1.18 (95% confidence interval 
1.07-1.30) and for each additional freedom reported by the adolescent the odds 
of drinking initiation increased by a factor of 1.10 (95% confidence interval 1.03-
1.17). 
Sex Differences in the Association between Adolescent Freedoms 
and Drinking Initiation 
We found differences in the association between adolescent freedoms 
and drinking initiation by sex (Table 17 and Figure 21). In adjusted models, we 
found that boys who reported they were free to choose the time they came home 
on weekends had a 37% lower odds of drinking initiation within 12 months (odds 
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ratio 0.63, 95% confidence interval 0.47-0.85). By contrast, girls who reported 
this freedom had 30% increased odds of drinking initiation, although these results 
were not statistically significant (odds ratio 1.30, 95% confidence interval 0.97-
1.73). 
Both girls and boys who reported the freedom to select their own bedtime 
on weeknights had increased odds of drinking initiation. The odds for drinking 
initiation for girls were 64% higher (odds ratio 1.64, 95% confidence interval, 
1.26-215) for those given this freedom and the odds were 46% higher (odds ratio 
1 .46, 95% confidence interval 1.11-1. 93) for boys. Boys who reported they were 
free to choose the people with whom they associated had 56% higher odds 
(odds ratio 1.56, 95% confidence interval, 1.05-2.31) of drinking initiation. This 
freedom did not significantly increase the risk of initiation for girls. 
In addition, there was an indication that girls who chose which TV 
programs and how much TV they watched were at increased risk of drinking 
initiation but not boys. Finally, increases in the time-media factor and the total 
number of freedoms reported by adolescents were associated with increased 
odds of drinking initiation for girls but not for boys. 
DISCUSSION 
We found that adolescent self-reports of different freedoms were 
associated with increased odds of drinking initiation over 12 months, and that 
these associations varied for boys and girls. Both boys and girls who reported 
they were free to choose the time they went to bed on weeknights were at higher 
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risk for drinking initiation, as were boys who were free to choose they people with 
whom they associated , and girls who were free to choose the amount and type of 
television programs they watched. 
Contrary to expectations, we found that boys who reported they made 
their own decisions about the time they came home on weekends were at 
reduced risk of drinking initiation over 12 months. One possible explanation that 
we developed post hoc is that different responses to limit setting could be 
explained by differences in psychological reactance between males and 
females .171 
Reactance is a person's response to the real or perceived loss of a 
freedom. 172 Such responses may be expressed verbally through argument or 
behaviorally through aggression or resistance. Although research results have 
not consistently revealed differences in reactance between males and females, 
two large-scale recent studies have found sex differences in reactance.173•174 In 
both of these studies, males showed higher levels of reactance than females. 
The study authors suggest that men may experience higher levels of reactivity 
since they generally experience more freedoms than women.173•174 Thus, it is 
possible that granting male adolescents freedom to set their own curfew on 
weekends avoids reactance and is protective of drinking initiation. 
On the other hand, the differing response for boys and girls may be a 
marker of some unmeasured confounder, such as introversion, for which we did 
not control in the analysis. It is also possible that a misclassified covariate is 
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contributing to this unexpected outcome, possibly introduced by the imputation 
process. However, we found a similar contrast between boys and girls when we 
examined results using the complete case data. In the complete case analysis, 
the odds of initiation for boys was 18% lower (odds ratio 0.82, 95% confidence 
interval 0.52, 1.30) for those who reported they made their own decision about 
what time to come home on weekends, by contrast the odds of initiation for girls 
was 17% higher (odds ratio 1.17, 95% confidence interval 0.74-1.84). Further 
research is required to quantify the nature of this difference of the association 
between being granted the freedom to set a curfew on the weekend and drinking 
initiation among boys and girls. 
This research contributes to the literature regarding parental influences on 
underage drinking by focusing on drinking initiation and by identifying specific 
freedoms that may put adolescents at risk. Current recommendations to parents 
have included specific guidelines for setting limits and monitoring that are 
purported to be protective, 51 yet we believe this is the first study to actually test 
individual guidelines. We found that both boys and girls were at higher risk of 
initiation if they were free to set their own bedtimes on weeknights. Thus, a 
guideline advising parents to set such time limits for their children is supported by 
this study.61 The protective effect associated with boys' choosing their own 
weekend curfew requires further research. Further, we found support for 
monitoring the peers with whom boys associate, 51 and we did not find any harm 
introduced by following this recommendation for girls. 
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Another important contribution of this study is a finding that unmonitored 
television viewing may promote drinking initiation among girls. There is 
substantial research supporting an association between exposure to alcohol 
portrayals in media and underage drinking behaviors.46.47 In particular, late night 
television viewing on televisions in the adolescents' bedroom may expose them 
to a substantial amount of alcohol-related television content. 175•176 This may 
explain our finding that unmonitored bedtimes on weeknights and unmonitored 
television viewing both increased the risk of initiation. Therefore, parent 
guidelines to protect their children from alcohol may benefit from the inclusion of 
a recommendation to monitor media activities. 
This study was subject to a number of limitations. First, the Add Health 
study was conducted in the mid-'90s. While we have assumed the issues parents 
faced in monitoring their children from that time are similar to today, alcohol 
drinking levels for adolescents were higher at that time. 177 In addition, our 
outcome measure did not strictly assess drinking initiation as defined as the 
transition from total abstinence to experimentation with alcohol. Instead, we 
captured participants who reported no drinking at baseline and reported at least 
two or three drinking occasions within 12 months. This may be interpreted as 
perhaps a stronger indicator of the transition to drinking than simply a report of a 
single drink. 
We have relied on adolescent self-report of their freedoms without the 
benefit of cross-validating these self-reports with parent reports. However, prior 
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research has found that adolescent self-report may be more reliable than parent 
reports. 52 In addition, there was the potential for a selection bias to be introduced 
by participants who were lost-to-follow-up or who did not report their drinking 
status at Wave 2. However, when we weighted the study to adjust for the 
potential selection bias, our results were not changed. None-the-less, the attrition 
model may have been inadequate and the weighting procedure may have failed 
for properly account for the potential bias. Finally, we do not have an adequate 
explanation for some findings that appear to be sex-specific. Further research is 
needed to identify sources of these differences. 
Alcohol initiation at a young age is a risk factor for many of the worst 
health outcomes that are experienced by young people: injury, sexual assault, 
homicide, suicide, and alcohol abuse and dependence. Parents need evidence-
based guidelines to protect their children from these harms. This study has found 
some evidence that monitoring activities regarding unsupervised time, peer 
associations, and media may provide some protection. 
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Table 14: Attributes of Add Health Study Population 
Demographics All Girls Boys pa: 
Age (range 10-19) Mean±StDev 15.6±1 .63 15.5±1.61 15.7±1 .65 0.0396 
Race/Ethnicity N (%) 
non-Hispanic white 709 (51.4) 379 (51.8) 330 (50.9) 0.1705 
non-Hispanic black 351 (25.4) 194 (26.5) 157 (24.2) 0.1705 
Hispanic 160(11 .6) 87 (11.9) 73 (11.3) 0.1705 
Other 160(11 .6) 72 (9.8) 88 (13.6) 0.1705 
Personality and Social Influences 
13.9±2.8 
Mother Support Scale Mean±StDev (range 0-25) 14.1±2.5 13.8±3.1 0.0211 
10.6±6.6 
Father Support Scale Mean±StDev (range 0-22) 10.3±6.6 10.9±6.5 0.0596 
--" Any Parenting Drinking N (%) 0 1,009 (51.3) 504 (48.6) 505 (54.4) 0.0101 
CD 0.43±0.79 
Number of Drinking Peers Mean±StDev (range 0-3) 0.46±0.80 0.40±0.78 0.1134 
8.2±3.7 
Religiosity Scale Mean±StDev (range 0-12) 8.6±3.7 7.7±3.7 <.0001 
2.4±3.5 
Respondent Deviance Scale Mean±StDev (range 0-36) 1.9±2.9 3.0±4.1 <.0001 
1.1±1.0 
Respondent Sensation-seeking Scale Mean±StDev (range 0-6) 1.0±0.9 1.3±1.1 <.0001 
8.3±6.3 
Depressive Symptoms Scale Mean±StDev (range 0-43) 8.7±6.7 7.9±5.9 0.009 
Adolescent Freedoms 
Respondent makes own decisions about. .. 
. . . bedtime on weeknights N (%) 1,215 (56.0) 667 (57.8) 548 (53.9) 0.0667 




.. . what clothes to wear N (%) 1,926 (88.7) 1 ,033 (89.5) 893 (87.8) 0.2096 
... how much TV to watch N (%) 1,689 (77.8) 907 (78.6) 782 (76.9) 0.3406 
... what TV shows to watch N (%) 1,501 (69.4) 795 (68.9) 706(69.4) 0.7900 
.. . what time to come home on weekends N (%) 627 (28.9) 286 (24.8) 341 (33.5) <.0001 
... what to eat N (%) 1,664 (76.7) 912 (79.03) 752 (73.9) 0.0052 
4.8±1 .6 
Total Freedoms Mean±Stoev (range 0-7) 4.8±1.6 4.8±1 .6 0.4070 
Drinking Initiation 
Initiated Alcohol Within 12 Months N (%) 501 (23.1) 265 (23.0) 236 (23.2) 0.8938 
aProbability of no difference between female and male in mean or proportion based on chi-square test for proportions and t-




Table 15: Two-Factor Solution to Exploratory Factor Analysis of Seven Adolescent Freedoms 
Rotated Factor 
Loadingsa 
Adolescent Freedoms Time/Media Social 
Respondent makes own decisions about. ... 
.. . bedtime on weeknights 
.. . what people to hang out with 
... what clothes to wear 
... how much TV to watch 
... what TV shows to watch 
... what time to come home on weekends 
... what to eat 








aFactors extracted through principal components and rotated with varimax rotation. Only factors with 




Table 16: Unadjusted and adjusted relative odds of drinking initiation within 12 months by freedoms granted to 
adolescents and combined freedom scales using complete case, multiple imputation, and weighteda multiple 
imputation data sets 
Individual Freedoms 
Respondent makes own decisions about. .. . 
... bedtime on weeknights 
... what people to hangout with 
... what clothes to wear 
... how much TV to watch 
... what TV shows to watch 
... what time to come home on weekends 
... what to eat 
Combined Freedom Scales 
Time and Media Freedom Factor 
Social Freedom Factor 
_All Freedoms (Total) 
Adjustedb Odds Ratio of Drinking Initiation within 12 Months 





1.12 (0.70,1 .80) 
1.27 (0.89, 1.80) 
1.50 (1.09,2.08) 
0.99 (0.72, 1.35) 
0.94 (0.67, 1.32) 
Complete Cases 
(N=1 ,127) 
1.22 (1 .05,1.41) 
1.03 (0.89, 1.19) 






1.12 (0.80, 1.58) 
1.20 (0.93, 1.56) 
1.25 (0.99, 1.58) 
0.91 (0. 72, 1.15) 




1.04 (0.93, 1.15) 
1.09 (1 .02,1.17) 




1.53 (1.27, 1.86) 
1.20 (0.93, 1.54) 
1.09 (0.81 '1.46) 
1.20 (0.95, 1.50) 
1.22 (0.99, 1.50) 
0.90 (0.74, 1.11) 
1.24 (0.99, 1.55) 




1.18 (1.07,1 .30) 
1.03 (0.94, 1.13) 
1.10 (1.03, 1.17) 
aWeighted using a inverse probability weighting for loss-to-follow-up - that is, participants remaining in the study are weighted 
higher to represent those lost to follow-up 





Table 17: Unadjusted and adjusted relative odds of drinking initiation within 12 months by freedoms granted to 
adolescents, stratified by gender, using weighted a multiple imputation dataset (N=2, 171) 
Individual Exposures 
Respondent makes own decisions about. ... 
.. . bedtime on weeknights 
... what people to hang out with 
... what clothes to wear 
... how much TV to watch 
... what TV shows to watch 
.. . what time to come home on weekends 
... what to eat 
Adjustedb Odds Ratio of Drinking 




0.94 (0.64, 1.37) 
1.09 (0.68,1.75) 
1.27 (0.89, 1.82) 
1.32 (0.96,1.81) 
1.21 (0.88, 1.68) 
1.18 (0.83, 1.67) 
1.29 (0.93, 1.78) 
1.46 (0.93,2.29) 





Combined Freedom Scales Girls Boys 
Time and Media Freedom Factor 1.28 (1 .09, 1.49) 1.01 (0.86, 1.19) 
Social Freedom Factor 0.98 (0.85, 1.13) 1.10 (0.94, 1.29) 
All Freedoms (Total) 1.12 (1 .02,1.24) 1.04 (0.94,1.15) 
aweighted using a inverse probability weighting for loss-to-follow-up -that is, participants remaining in the study are weighted 
higher to represent those lost to follow-up 
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AFFECT SUBSEQUENT TO MARIJUANA USE IN NATURALISTIC 
SETTINGS: AN ECOLOGICAL MOMENTARY ASSESSMENT STUDY 
BACKGROUND 
Marijuana Epidemiology 
Marijuana is the most commonly used illicit drug in the United States. 177 
Prevalence of 30-day marijuana use among U.S. high school students grew from 
31.3% in 1991 to 39.9% in 2011. 177 In the United States and other countries , 
legal markets for marijuana distribution and consumption are rapidly evolving 
despite the potential for substantial public health impact. 59 Adolescent marijuana 
use is associated with subsequent depression and anxiety, 178 cognitive 
impairment, 179 decline in executive function, 180 motor vehicle accidents, 179 abuse 
and dependence. 181 The public health experience with alcohol and tobacco has 
taught us that as the market for marijuana expands around the world, and as 
commercial interests begin to participate in the promotion and distribution of this 
drug, it is critical that the science regarding behavioral motivations for using 
marijuana, and health consequences associated with use keep pace. 
Affect and Marijuana Use 
Young people report a number of factors motivating their use of marijuana, 
including affect management, social conformity, coping with negative feelings, 
and sensory alteration. 182•183 Affect-related motives for marijuana use seem to be 
particularly salient since tension reduction and relaxation motives are associated 
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with more frequent marijuana use. 184 In addition, coping motives for using 
marijuana are associated with poor mental health, psychopathology symptoms, 
and distress. 185 
The reported associations between elevated negative affect, coping 
motives for using marijuana, and subsequent marijuana use are consistent with a 
self-medication hypothesis.83 Persons suffering from the discomfort of elevated 
anxiety or other negative affective states may seek relief from these feelings 
through use of substances. However, it is not clear that use of substances such 
as marijuana actually produce relief from negative emotional states. At least one 
theory suggests that use of marijuana may lead to continued elevated anxiety, 
resulting in a vicious cycle of continued substance use. 186 
In addition to this potential vicious cycle of substance use driven by 
negative affect, there is potential for a cycle of positive reinforcement of 
marijuana use from increases in positive affect following its use. Marijuana has 
been shown to produce feelings of euphoria, and these feelings are not blunted 
by frequent use. 187 Drugs of addiction, including marijuana, have been shown to 
release dopamine into the striatum, thought to be a key component of the brain's 
reward system.188 This process could also produce a cycle of motivation for 
continued use of marijuana. 
Thus, there is a need to understand affective states preceding marijuana 
use that may be triggers for use of the substance, as well as the affective 
response to marijuana use and the conditions under which this response may be 
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modified. Examination of the relationship between affect and marijuana use may 
help inform prevention, harm reduction, and treatment efforts. 
Studies of Affect Preceding Marijuana Use 
Because affect is a transient state, affect data collected using research 
methods that rely on participant recall during a previous time period are subject 
to recall bias. Ecological Momentary Assessment (EMA) research studies75 
address these problems by collecting data in real-time, in real-world settings, by 
supplying participants with a portable electronic data collection device such as a 
personal digital assistant (PDA) or a mobile phone. These devices are 
programmed to prompt participants randomly throughout their daily lives to 
collect information about affect, behaviors, and other details that may be difficult 
to capture using recall methods. A number of prior studies have utilized both 
EMA methods and more traditional research or experimental methods to assess 
the association between affect and subsequent marijuana use.74•79-81 •189-192 
In these studies, elevated negative affect has been associated with 
increased craving to use marijuana and subsequent marijuana use.74·79-81 •189-192 
In a prospective population study, Wills et al. (1999) found that groups of 
adolescents with higher negative affect, and with greater increases in negative 
affect over time, had the highest growth in use of multiple substances, including 
marijuana. 192 This study was limited by its use of recall measures of affect that 
asked participants to report average past-month levels of 12 affective states. 
In a cross-sectional study, Johnson et al. (2009) found that anxiety, but 
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not depression was associated with increased marijuana use, and that coping 
motives for using marijuana fully mediated this association. 191 This study was 
limited by its cross-sectional design, although sensitivity tests of the mediated 
association between anxious arousal and marijuana use suggested the direction 
of the association progressed from anxiety to substance use. 
A number of EMA studies have been published in recent years that 
examine affective state in moments preceding marijuana use, many finding that 
negative affect is associated with increased cravings or desire to use marijuana, 
and with subsequent marijuana use. In one study, Buckner et al. (2012) found 
that elevated momentary anxiety and momentary marijuana cravings were 
associated with marijuana use. 79 In another study, Buckner et al. (2013) found 
that periods of elevated negative and positive affect were associated with 
marijuana use among people attempting to reduce their marijuana smoking. 190 
This study also found that when negative affect and positive affect were both 
entered into the model simultaneously, only negative affect remained significantly 
associated with marijuana use. 
Bhushan, Blood & Shrier (2012) studied different parameters of the 
distribution of positive and negative affect (e.g., the minimum, maximum, mean, 
and variance) in times preceding marijuana use relative to times distant from 
marijuana use. The authors found that in moments preceding marijuana use, 
marijuana users reported blunted levels of affect (i.e., having a lower maximum 
and a higher minimum) relative to moments distant from marijuana use. 189 In 
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addition, they found evidence of a shift in the distribution of negative affect in 
moments preceding marijuana use, with higher minimum negative affect. Shrier, 
Ross & Blood (unpublished) found that negative affect, but not positive affect, 
was elevated in moments immediately preceding marijuana use relative to 
background periods more distant from marijuana use.80 One EMA study failed to 
find an association between momentary (or state) anxiety and marijuana use, 
although participants with a larger number of baseline psychopathology 
symptoms and participants reporting baseline agoraphobia did report increased 
marijuana use. 193 
Many of these studies have found complex interactions between individual 
trait factors, baseline psychopathology symptoms, and contextual factors that 
modify the association between mood and marijuana use. The association 
between negative affect and marijuana use has been shown to be modified by 
baseline psychopathology symptoms, level of cravings, companionship, 
marijuana use history, and motives for use.79•81 '184·190·194-197 Given these multi-
faceted and complex associations between negative affect and marijuana use, it 
is important that studies of this association evaluate multiple potential 
interactions. 
Studies of Affect Subsequent to Marijuana Use 
To our knowledge, there are no studies of affective response to marijuana 
use in real-world, natural settings. We identified one experimental study, a 
balanced-placebo design in which participants were randomized to smoke 
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marijuana cigarettes that either contained 2.8% delta-9-tetrahydrocannabinol 
(THC) or placebo marijuana cigarettes with the THC removed. 70 The participants 
were randomly assigned an expectancy condition in which they were told that 
their marijuana cigarette contained or did not contain THC. Participants in all 
experimental conditions reported reductions in tension/anxiety measures 
following smoking marijuana with the exception of those told their cigarette did 
not contain THC when, in fact, it did. This latter group's anxiety increased, 
perhaps a result of their incongruent physical reaction to what they expected to 
be a placebo. Positive affect following marijuana use increased for those 
receiving cigarettes containing THC as well as for those receiving placebo that 
were told the cigarette contained THC. Affective responses to using marijuana 
were blunted for more frequent marijuana users relative to infrequent users. The 
study provides evidence that both expectations and pharmacology have 
independent roles in the affective response to using marijuana. In light of this 
experimental evidence we would expect to find that persons using marijuana 
under conditions of elevated anxiety or negative affect should report relief when 
studied in a naturalistic setting using EMA methods. 
EMA studies of affect and marijuana use have generally examined 
changes in average levels of affect preceding marijuana use_?9-81 •190 To the 
degree that marijuana use is associated with extremes of affect, examining only 
averages of affect may miss associations linked with extremes of affect. Thus, it 
may be fruitful to examine extremes of negative and positive affect in addition to 
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average levels to fully characterize the relationship between affect and marijuana 
use. 
Analysis of Data from EMA Studies 
Most EMA studies utilize correlated data methods to analyze repeated 
exposure and outcome measures. In some situations, EMA data are organized 
into time blocks that are proximal or distant from marijuana use and then 
correlated data models are used to assess the average levels of affect in each of 
these time blocks. In such situations, the resulting model averages affect levels 
in time blocks without consideration of temporal sequencing of exposure and 
outcome, adjusting for the clustering of variance within individuals with mixed 
models or generalized estimating equations.75 The loss of temporal sequencing 
in models structured in this manner may inhibit drawing causal inferences. One 
approach to maintaining strict temporal sequencing in the analysis of data from 
an EMA study is to treat the sequence of exposures and outcomes as a 
repeated-outcome case-crossover study .198 
Generally, a case-crossover study is a retrospective study of exposure for 
persons who experience a health outcome at a point in time. 76 Exposure to a 
certain stimulus at the time of the health outcome of interest is contrasted with 
exposure during control time periods generally representative of the usual 
exposure of the person to the stimulus?7 Participants are asked to retrospectively 
assess their exposure status during one or more control time periods, or to 
assess their usual frequency of exposure to the stimulus. 199 An EMA design 
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provides an advantage over these recall methods in that the usual frequency of 
exposure can be directly estimated from the data captured in real time. 
Therefore, the marriage of a case-crossover design and an EMA study may 
provide advantages to both: addressing problems with temporal ordering and 
improving the accuracy of exposure measure. 
Objectives of this study 
In this study, we utilized both traditional correlated data analysis methods 
and a case-crossover framework to examine the change in positive and negative 
affect following marijuana use among adolescents and young adults in an EMA 
design. We examined changes in average affect in time periods subsequent to 
marijuana use compared to time periods immediately preceding marijuana use, 
as well as background time periods distant from marijuana use. Additionally, we 
examined whether reports of extreme negative and positive affect were more or 
less common in periods subsequent to marijuana use relative to other times. We 
hypothesized that affect would improve- that is, that positive affect would 
increase and/or negative affect would decline- in time periods subsequent to 
marijuana use relative to other times. Finally, we explored whether these 
associations would be modified if the participant reported that marijuana was 
being used to cope with negative feelings200 or if the participant met DSM-IV201 




Details of the study sample and procedures have been reported 
previously.74•189•202 Briefly, forty-four primary care patients (not seen for 
substance use treatment) of two adolescent/young adult medical clinics who 
reported marijuana use at least twice a week were enrolled, of whom 41 (93%) 
provided EMA data (two participants were lost to follow up; one did not follow the 
EMA protocol). Participants were not enrolled if they had smoked marijuana in 
the past three hours or if they reported being or appeared to be high at the time 
of the screening interview. The institutional review board of the participating 
hospital approved the study protocol with a waiver of parental consent for 
participants under the age of 18. 
Procedure 
Participants completed a baseline interview that assessed marijuana use 
history and psychopathology symptoms. Next, participants were trained to use a 
personal digital assistant (PDA) (Palm Tungsten E2, Palm Inc., Sunnyvale, CA) 
that was programmed with the Configurable Electronic Real-Time Assessment 
System (CERTAS) program (PICS, Inc, Reston, VA); all other functions were 
locked out. The PDA was programmed to signal at random times within 3-hour 
intervals during each participant's waking hours, approximately 4-6 signals/day. 
The participants used the devices for 2-4 days and were asked to check back 
with a research assistant who examined the data for compliance with the protocol 
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and addressed any participant questions. The participants used the devices for a 
minimum of 10 days following the check-in interview (in total , approximately 14 
days of data collection). Participants were compensated up to $140 based on the 
proportion of study activities completed and reimbursed for travel to and from 
study visits. Compensation was not based on frequency of marijuana use. In 
addition to random prompts, participants were instructed to complete a report 
immediately prior to using marijuana and following marijuana use. All reports 
contained measures of positive and negative affect. 
Measures 
Positive and Negative Affect 
Positive and negative affect were measured using an abbreviated form of 
the Positive Affect- Negative Affect Schedule (PANAS).203•204 Participants were 
asked to "indicate to what extent you currently feel each of the next 12 feelings" 
using a 5-point Likert-type scale (not at all, a little, moderately, quite a bit, 
extremely). Positive affect was taken as the sum of responses for feelings 
interested, strong, proud, alert, inspired, and determined (Cronbach alpha = 
0.84); negative affect was taken as the sum of responses for distressed, upset, 
guilty, scared, hostile, and irritable (Cronbach alpha= 0.86). To standardize 
positive and negative affect for each participant, the mean and standard 
deviation of positive and negative affect were calculated for each individual from 
their signal-prompted reports. Affect measures before and after marijuana use 
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were standardized to z-scores using each participant's mean and standard 
deviation. Throughout this document, references to affect should be interpreted 
as individual-standardized affect z-scores. Because positive and negative affect 
have been shown to be independent states,204 we modeled each separately. 
Covariates and Effect Modifiers 
Covariates and potential effect modifiers were identified from a review of 
previous research. 79•177•204·205 Personal attributes were measured at baseline and 
included age at the baseline interview - dichotomized into ages 15 to 17 and 18 
to 24; race/ethnicity recorded as White non-Hispanic, Black/African-American 
non-Hispanic, Hispanic, or other or mixed race/ethnicity and dichotomized as 
white or non-white; sex; depressive symptoms measured with Beck's Depression 
lnventory-11 (BDI-II :Cronbach alpha 0.91);206 anxiety measured with the State-
Trait Anxiety Inventory (STAI: Cronbach alpha 0.74);207 cannabis dependence 
disorder with physiological dependence201 ("dependence") was assessed 
according to DSM-IV201 criteria using the Adolescent Diagnostic lntervie~08 and 
dichotomized as present or absent. 
Attributes of the moment were captured from the EMA reports. These 
included time of day for each marijuana event, grouped into four time periods: 
midnight to 5:59am, 6 am to 11:59 am, 12 noon to 5:59pm, and 6 pm to 11:59 
pm and dichotomized in models to morning (6 am to 11 :59 am) versus other 
times; day of week was dichotomized into weekdays (Monday-Thursday) and 
weekend days (Friday-Sunday). Companionship at the time of the EMA report 
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was dichotomized as alone versus with companions. 74•79•190 Motives for 
marijuana use were measured by a modification of the Marijuana Motives 
Measure200 simplified for momentary data collection. Participants responded to 
the prompt "What is the MAIN reasons that you are about to use marijuana?" with 
responses for social reasons, to cope, for pleasure, to conform, or to expand my 
mind. We grouped motives for purposes of examining effect modification as 
follows: (to cope or to conform) versus (for pleasure, to expand my mind, or for 
social reasons). 
Creating EMA Timelines 
We used the EMA reports to create a timeline for each participant and to 
classify time periods into those that were distant from marijuana use (background 
times), those immediately preceding marijuana use (antecedent times), and 
those subsequent to marijuana use (subsequent times; Figure 22). Previous 
research has shown that negative affect is elevated preceding marijuana 
use,79•80•190 but the sensitivity of this association to antecedent time periods of 
different lengths has not been reported. Therefore, we varied the antecedent time 
periods from 12 down to 1 hour preceding marijuana use to examine the impact 
of the duration of the antecedent window on the change in negative and positive 
affect. In a similar manner, we were interested in assessing the sensitivity of the 
association to different assumptions of the time during which the participant 
would be under the influence of the drug or perhaps still perceiving some affect-
related consequences from use of the drug. Prior research has shown that a 6-
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hour time period encapsulates the physical and cognitive effects of 
marijuana.209·210 Therefore, we varied the length of the time period subsequent to 
marijuana use from 1 hour to 12 hours to capture time of the physical/cognitive 
effects as well as any additional effects up to 12 hours. If participants used 
marijuana during a time period already subsequent to a previous use of 
marijuana, we combined the episodes so that the subsequent-to-use time "clock" 
started at the last marijuana use episode. 
Analysis 
Identifying Potential Confounders 
We examined the associations between mean positive and negative affect 
across all momentary samples and covariates, as well as the association 
between the number of marijuana use episodes and covariates to identify 
potential confounders. 
Change in Mean Negative and Positive Affect Subsequent to 
Marijuana Use 
We assessed changes in mean positive and negative affect between 
subsequent-to-use times and background times, and between subsequent-to-use 
times and antecedent times. We used models to estimate the mean level of 
affect in each time period and we contrasted these means to calculate 
differences. To allow for individual differences while accounting for repeated 
measures within individuals, we used a mixed effects model with a random 
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subject intercept.211 Final models were adjusted for time of day, time of week, 
age, race/ethnicity, and depressive symptoms. For each antecedent time period 
(from 12 to 1 hours) and each subsequent-to-use time period (from 1 to 12 
hours), we calculated the contrast in mean positive and negative affect between 
subsequent-to-use time and background time and between subsequent-to-use 
time and antecedent time. We examined effect modification of the association by 
reports of using marijuana for coping purposes, stratifying the analysis by 
marijuana use episodes for which participants reported that coping was the main 
reason they were about the use marijuana. We also examined effect modification 
by dependence, stratifying the analysis by participants who met criteria for 
dependence. For these stratified analysis, we created a common reference group 
of those moments when marijuana was not being used for coping purposes and 
those participants who did not meet criteria for dependence. 
Occurrence of High Negative and Positive Affect 
To assess the association between extremes of affect and marijuana use, 
we examined occurrences of extreme negative and positive affect during 
subsequent-to-use times relative to background times and antecedent times. We 
analyzed multiple thresholds for high negative affect and high positive affect, 
examining the occurrence of individual-standardized affect levels 0.1, 0.5, 1.0, 
1.5, 2.0, 2.5, and 3.0 standard deviations above the mean. The positive and 
negative affect subscales of the PANAS are typically interpreted as unipolar, with 
the high end of each subscale representing a state of emotional arousal while the 
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low end is marked by the "absence of affective involvement. "212 Therefore, we 
only examined extremes of high positive affect and high negative affect and did 
not try to evaluate extremes of low positive or negative affect. 
For each antecedent time period (from 12 to 1 hour) and each 
subsequent-to-use time period (from 1 to 12 hours), and for each threshold of 
atypical high positive and negative affect (from 0.1 to 3.0 standard deviations 
above the mean), we calculated odds ratios for the occurrence of high affect 
during subsequent-to-use time periods relative to background time periods and 
antecedent time periods. Models were estimated using Generalized Estimating 
Equations (GEE) with an exchangeable correlation structure to account for 
repeated measures within individuals. Final models were adjusted for time of 
day, time of week, age, race/ethnicity, and depressive symptoms. We examined 
effect modification by coping motives and dependence as described above. 
Case-Crossover Analysis of Extreme Negative and Positive Affect 
Applying a case-crossover method to the EMA data, we defined a "case 
moment" as a momentary report in which the participant reported high negative 
or positive affect with thresholds for these high affect levels ranging from 0.1 to 
3.0 standard deviations as described above. We defined the exposure status of 
the case moment as exposed if the high affect occurred during a subsequent-to-
use time period and unexposed otherwise. We used each participant's timeline to 
calculate the "usual frequency of exposure" to marijuana by summing the total 
exposed time and total unexposed time for each participant, discounting 
130 
antecedent time. We calculated the Mantei-Haenszel odds ratio as the ratio of 
the total unexposed time from the exposed cases to the total exposed time from 
the unexposed cases in the manner of Maclure.76 The use of a "usual frequency 
of exposure" approach makes full use of all the EMA data collected and 
maximizes the precision of the effect estimate. 77 Variance for the Mantei-
Haenszel odds ratio was calculated using the method for matched 
analyses.213,214 
Our case-crossover analysis accounted for the occurrence of repeated 
outcomes for each person. It was unlikely that each case of extreme affect was 
independent of other cases, and therefore we employed a sampling method to 
estimate average in the manner of a repeated-outcome case-crossover 
analysis. 198 We used within-subject pairwise resampling 198 to sample cases 
within participants and generate average effect estimates. We found that 100 
samples were sufficient to produce stable effect estimates, with the mean effect 
estimate stable to 3 decimal places. 
To validate our case-crossover methodology, we created two simulated 
data sets. Each dataset had 100 participants with a series of marijuana use 
episodes. We simulated the affect levels for background and subsequent-to-use 
time periods using a random variable drawn from a normal distribution in each 
time period. In the first data set, we forced a null association between affect 
levels for the two time periods by specifying that the background and 
subsequent-to-use time periods draw random numbers from a standard normal 
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distribution with mean 0 and standard deviation 1. In the second data set, we 
forced the distribution of affect in the subsequent-to-use time period to use a 
different normal distribution with mean levels 0.1 and 1.0 units higher than 
background times. Once we had created a distribution of affect, we classified 
"case moments" using thresholds of 0.1 to 3.0 standard deviations, as described 
above. 
We also varied the number of momentary samples contributed by 
participants in the simulation study. In the first analysis, we forced each 
participant to contribute the same amount of time to the analysis so that the 
"usual frequency of exposure" was based on the same amount of person time. 
However, since the amount of person time measured in an EMA study may vary 
by participant, in the second analysis, we allowed the amount of person time to 
vary by individual, using the distribution of person time in our study as a 
reference. 
After validation with the simulated data, we applied the case-crossover 
methodology to the timeline data from our EMA study. We calculated unadjusted 
associations since we have not yet modified the method to calculate adjusted 
estimates. 
All models were estimated using SAS version 9.3 (SAS Institute, Cary, 
NC). The within-subject pairwise resampling method for the case-crossover 
design was implemented in custom code written in VB.Net (Microsoft Visual 
Studio 2010, Microsoft Corporation, Redmond, WA). 
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RESULTS 
Participant Sample Characteristics 
The 41 participants contributing data to these analyses were age 18.6 ± 
2.0 (mean± standard deviation), with ages ranging from 15 to 24 (Table 18). The 
majority of the participants were female (56.1 %) and Hispanic (68.3%), with one 
participant (2.4%) of African-American/Black race/ethnicity and the balance 
(28.3%) non-Hispanic White. Almost one out of three study participants (29.3%) 
met criteria for cannabis dependence disorder with physiological dependence. 
The participants recorded 3,570 momentary reports with complete affect 
information and 592 episodes of marijuana use. In almost half of marijuana use 
moments (49.2%), marijuana was being used for pleasure, while in 10.4% of 
moments, marijuana was being used to cope or conform. Most marijuana use 
was in the evening hours from 6PM to midnight (42.2%) and participants used 
marijuana evenly throughout the week. 
We have organized the presentation of results in the following manner to 
ease interpretation: we first present results for average change in affect, 
separating results for negative and positive affect into their own sections. We 
report the change in affect following marijuana use relative to background times 
first, and then the change in affect following marijuana use relative to antecedent 
times. Within each of these sections, we present subsections for main effects, 
effects modified by motives and dependence, and a summary. After reporting the 
average change in affect, we present results for occurrence of extreme high 
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negative and positive affect. Once again we organize sections by negative and 
positive affect and subsections for main effects, effects modified by motives and 
dependence, and a summary. Finally, we present results of the case-crossover 
simulation and the case-crossover method applied to negative and positive 
affect. 
I Average Change in Affect Subsequent to Marijuana Use 
I.A Negative Affect Following Marijuana Use Relative to Background 
Times 
I.A.i Main Effects 
Change in mean negative affect subsequent to marijuana use relative to 
background times is presented in Table 19a and Figure 23a. Negative affect was 
elevated during times subsequent-to-use compared to background times. In the 
first hour subsequent to marijuana use, negative affect was higher by 
approximately 0.22 standard deviations. The change in negative affect 
diminished as affect subsequent to use was averaged over longer times, but 
negative affect still remained higher with subsequent times as long as 12 hours. 
Note that when comparing subsequent times to background times, antecedent 
time only has an indirect impact on results since it serves only to reduce the 
amount of background time in the analysis. Thus, we see little change in the 
effect estimate across different lengths of antecedent time. 
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I.A.ii Effect Modification by Reasons for Use 
Change in negative affect during subsequent times relative to background 
times when using marijuana to cope or conform is presented in Table 19b and 
Figure 23b. When marijuana is being used to cope or conform, we found 
negative affect was elevated by 0.38 standard deviations relative to background. 
However, we found negative affect approached background levels when 
averaging negative affect over subsequent times of 6 hours or longer. Thus, it 
appears that self-medication effects are realized over a 6 hour time period when 
marijuana is being used to cope or conform. By contrast, when marijuana was 
being used for reasons other than coping or conforming (e.g., for pleasure or to 
be social), we found that negative affect remained elevated compared to 
background times, although the results were not statistically significant for 
subsequent times of 6 hours and 12 hours (Table 19c and Figure 23c). 
I.A.iii Effect Modification by Dependence 
For persons meeting dependence criteria, negative affect was elevated 
during subsequent-to-use times relative to background times (Table 19d and 
Figure 23d). However, with subsequent times of 6 hours or longer, it appeared 
that negative affect during marijuana use was lower than background times, 
although these results were not statistically significant. By contrast, for persons 
not meeting dependence criteria, negative affect consistently remained elevated 




To summarize, across all moments of marijuana use, negative affect was 
higher during subsequent-to-use times compared to background times, however 
this effect was modified by marijuana use motives and dependence. When 
marijuana was being used to cope or conform, negative affect was particularly 
high immediately preceding marijuana use and returned to background levels 
over a period of 6 hours. A somewhat similar pattern was found for participants 
with marijuana dependence, with negative affect in the first hour following 
marijuana use elevated relative to background times and an indication that 
negative affect may be lower than background times for periods of 6 hours or 
longer following use. 
1.8 Negative Affect Following Marijuana Use Relative to Antecedent 
Times 
I.B.i Main Effects 
Changes in negative affect during times subsequent to marijuana use 
compared to antecedent times immediately preceding marijuana use are 
presented in Table 20a and Figure 24a. In the first hour following marijuana use, 
negative affect was 0.22 standard deviations higher than the 12-hour time period 
preceding marijuana use. This difference trended down as the duration of 
antecedent time over which affect was averaged was decreased to 1 hour, but 
only by a relatively small amount. Thus, we focused on interpreting the change in 
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the effect estimate over different subsequent-to-use times, holding antecedent 
time constant at 6 hours. As we increased the subsequent time to 12 hours, the 
difference between negative affect relative to background times approached 
zero. 
I.B.ii Effect Modification by Reasons for Use 
When stratifying by reasons for use (Tables 20b-20c and Figures 24b-
24c), negative affect was particularly in the first hour following marijuana use 
compared to antecedent times when marijuana was used to cope or conform. 
Negative affect returned to antecedent levels for periods 6 to 12 hours 
subsequent to marijuana use. When marijuana was used for other reasons, 
negative affect was high relative to background times but the difference was very 
small and not statistically significant at longer subsequent times. 
I.B.iii Effect Modification by Dependence 
For persons with dependence, there was an indication that negative affect 
was high relative to antecedent times in the first hour following marijuana use, 
but this difference was small and not statistically significant at longer subsequent 
times (Table 20d-20e and Figures 24e-24e). For persons without dependence, 
negative affect was higher subsequent to marijuana use relative to antecedent 
times for most subsequent time periods. 
137 
I.B.iv Summary 
In general, the results comparing negative affect following marijuana use 
to antecedent times followed a pattern similar to that comparing negative affect 
following marijuana use to background times. Generally, negative affect was 
higher following marijuana use relative to antecedent times and this effect was 
pronounced for those times when marijuana was being used to cope or conform. 
Negative affect following marijuana use compared to antecedent times was not 
significantly modified by dependence. 
I.C Positive Affect Following Marijuana Use Relative to Background 
Times 
I.C.i Main Effects 
There was no statistically significant change in positive affect subsequent 
to marijuana use compared to background time (Table 21 a and Figure 25a). 
However, there was an indication of a trend in this difference, in that positive 
affect appeared slightly elevated relative to background times in the first hour 
following marijuana use, trended toward no change when averaged over three 
hours of subsequent time, and finally appeared to be lower than background 
times at subsequent times of 6 to 12 hours. 
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I.C.ii Effect Modification by Reasons for Use 
This pattern was somewhat amplified when stratifying by reasons for 
marijuana use (Tables 21b-21c and Figures 25b-25c). Positive affect was higher 
in the first hour following marijuana use by about 0.13 standard deviations for 
those using marijuana to cope or conform and appeared to trend downward as 
subsequent time increased. This same downward trend was evident for those 
using marijuana for other reasons, however none of the estimates were 
statistically significant. 
I.C.iii Effect Modification by Dependence 
A very different pattern emerged when comparing positive affect 
subsequent to marijuana use for those with and without dependence (Tables 
21d-21e and Figures 25d-25e). For those with dependence, positive affect was 
elevated by approximately 0.48 standard deviations in the first hour subsequent 
to marijuana use compared to background times, and this increase was evident 
for all subsequent times up to 12 hours. By contrast, for those without 
dependence, positive affect was at least 0.10 standard deviations lower in the 
first hour subsequent to marijuana use compared to background times, and 
positive affect remained below background levels for all subsequent time periods. 
Thus positive affect was moving in different directions relative to background time 
for those with and without dependence. 
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I.C.iv Summary 
Positive affect following marijuana use did not change significantly 
between times subsequent to marijuana use and background times. However, 
we found different results for participants with and without dependence. Those 
with dependence exhibited an increase in positive affect for subsequent times 
compared to background times, while those without dependence exhibited a 
decrease in positive affect. 
1.0 Positive Affect Following Marijuana Use Relative to Antecedent 
Times 
I.D.i Main Effects 
We found no significant main effect for change in positive affect 
subsequent to marijuana use compared to background times (Table 22a and 
Figure 26a). 
I.D.ii Effect Modification by Reasons for Use 
We found no effect modification by reasons for use comparing positive 
affect following marijuana use to antecedent times. 
I.D.iii Effect Modification by Dependence 
Positive affect following marijuana use compared to antecedent times was 
modified by dependence, with participants meeting criteria for dependence 
experiencing an increase in positive affect following marijuana use compared to 
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background times, in contrast to participants without dependence who 
experienced a decrease in positive affect. 
I.E Overall Summary of Change in Negative and Positive Affect 
Following Marijuana Use 
We found that negative affect was elevated in times subsequent to 
marijuana use compared to other time periods, particularly for participants who 
reported using marijuana to cope or conform. When marijuana was used to cope 
or conform, it appeared that negative affect returned to background levels. There 
was also an indication that negative affect was diminished for those with 
dependence. However, for those without dependence and for those using 
marijuana for other reasons, negative affect remained higher following marijuana 
use than other times. 
We found that positive affect did not differ significantly across the entire 
population following marijuana use relative to other times. However, there was a 
very different pattern for participants with dependence compared to those without 
dependence. Specifically, participants who met criteria for dependence exhibited 
an increase in positive affect following marijuana use compared to other times 
while those without dependence saw a decrease in positive affect. 
Finally, we noted that the results examining affect subsequent to 
marijuana use were very similar regardless of which reference time we chose: 
background time or antecedent time. In general, the effects were somewhat 
141 
attenuated when comparing subsequent time to antecedent time. Therefore, for 
the remainder of this study we will only report results comparing subsequent time 
to background time. 
II Occurrence of Extreme Affect Levels Subsequent to Marijuana Use 
II.A Occurrence of High Negative Affect Subsequent to Marijuana Use 
We report the frequency of occurrence of high levels of negative affect in 
Table 23. A total of 1 ,379 occurrences of high negative affect 0.1 standard 
deviations above individual means occurred when setting the subsequent time 
period to 1 hour and this number decreased to 1 ,042 for a subsequent time 
period of 12 hours. The decline in high negative affect events was due to the 
collapsing of multiple marijuana use episodes into a single extended use period 
when the subsequent time period was extended. As expected, high negative 
affect occurred with less frequency as the threshold was increased from 0.1 to 3 
standard deviations. 
II.A.i Main Effects 
We found that moments of high negative affect were more likely to occur 
subsequent to marijuana use than during background times (Table 24a and 
Figure 27a). Reports of negative affect ranging from 2 to 3 standard deviations 
above individual-mean levels were 1.5 to 2.0 times more likely to occur under the 
influence of marijuana than background times, independent of the subsequent 
time period. 
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II.A.ii Effect Modification by Reason for Use 
When marijuana was being used for coping or conforming purposes, 
elevated negative affect at levels as low as 0.1 standard deviations above 
individual-mean levels were more likely to occur for subsequent times up to 3 
hours (Tables 24b-24c and Figures 27b-27c). By contrast, for those using 
marijuana for other purposes, only extreme high negative affect levels 2.5 
standard deviations or more were more likely to be reported under the influence 
of marijuana. 
II.A.iii Effect Modification by Dependence 
The occurrence of high levels of negative affect was not modified by 
dependence (Tables 24d-24e and Figures 27d-27e). 
II.A.iv Summary 
Extremes of negative affect were more likely to be reported in time periods 
subsequent to marijuana use relative to background times. When marijuana was 
being used for coping or conforming, more frequent extreme negative affect 
levels occurred in the first hour following marijuana use, even for thresholds as 
low as 0.1 standard deviation. However, for times when marijuana was being 
used for reasons other than coping or conforming, only the most extreme high 
negative affect levels were more likely to be reported in subsequent time periods. 
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11.8 Occurrence of High Positive Affect Subsequent to Marijuana Use 
Frequencies of reports of high positive affect are shown in Table 25. 
Occurrences of extremes of high positive affect were reported less frequently 
than extremes of high negative affect. Only 22 reports of high positive affect 3 
standard deviations or more above individual means were found with a 
subsequent time period of 12 hours. As a result, the precision of estimates for 
extremes of positive affect were diminished compared to negative affect. 
II.B.i Main Effects 
We found that high levels of positive affect were more likely to occur under 
the influence of marijuana relative to background times (Table 26a and Figure 
28a). The relative odds of experiencing extremes of positive affect peak with 
subsequent time periods of 1 to 6 hours. 
II.B.ii Effect Modification by Reasons for Use 
There was no effect modification by reasons for using marijuana (Tables 
26b-26c and Figures 28b-28c) . 
II.B.iii Effect Modification by Dependence 
Persons with dependence were more likely to report extremes of positive 
affect compared to persons without dependence (Tables 26d-26e and Figures 
28d-28e). Reports of positive affect 2 standard deviations above individual-
means were 8-12 times more likely to occur under the influence of marijuana for 
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participants with dependence; compared to 3-4 times more likely for those 
without dependence. 
II.B.iv Summary 
Extremes of positive affect were more likely to be reported in time periods 
1 to 6 hours subsequent to marijuana use relative to background times. These 
effects were particularly pronounced for participants with dependence. The 1 to 6 
hour time period during which these effects are most pronounced is consistent 
with the pharmacological effect period associated with a sense of "high" or 
euphoria.210 
Ill Case-crossover Analysis of High Affect Using Simulated Data 
For the simulated null data set, both the case-crossover analysis and the 
GEE analysis produced consistent results close to the null (Table 27a). We 
tested whether any bias would be introduced by varying the amount of person-
time contributed by participants in the study, a situation which is common in EMA 
data collection. We created two versions of the null data set, one in which each 
person contributed the same amount of time to the analysis (fixed time) and a 
second in which the amount of time contributed by each person was set up as a 
random variable with a distribution similar to the current study. For most 
outcomes, we found no bias introduced by varying person time. However, both 
the case-crossover analysis and the GEE analysis were biased above the null 
under the case of rare outcomes such as affect levels 2.5 standard deviations or 
more above the mean. It is possible that this was an artifact of the simulated 
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dataset and, since this condition was present in both the case-crossover and 
GEE analyses, we cannot attribute this to the analytic method. 
For the simulated data in which we forced affect to be higher during one 
time period than another (Tables 27b-27c), we found results were consistent 
between the case-crossover analysis and the GEE analysis, with the exception of 
the extreme condition of affect 3 standard deviations above the mean. In this 
case, values differed between the case-crossover and GEE analysis methods, 
and between fixed and varied times. 
IV Case-Crossover Analysis of Negative and Positive Affect 
Subsequent to Marijuana Use Relative to Background Times 
More frequent occurrence of high negative affect subsequent to marijuana 
use relative to background times was also found when analyzing our EMA data 
using a case-crossover analysis (Table 28a). We found that the effect estimates 
were sensitive to subsequent time period in the analysis since the Mantei-
Haenszel odds ratio sums unexposed time and exposed time. When subsequent 
time periods are smaller, then the numerator of the Mantei-Haenszel odds ratio 
becomes large and the resulting effect estimate is magnified. This is comparable 
to magnifying the potential effect estimate in a study design by purposely 
reducing the prevalence of the outcome in the population being studied.215 We 
found that when the subsequent time period was lengthened to 6 hours, the 
effect estimates for the case-crossover analysis were similar to those for the 
GEE analysis in Table 23a. 
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We also noted that this time-based analysis approach was more sensitive 
to the assumptions of the exposure time window than to the prevalence of the 
outcome. As the outcome threshold is increased from 0.1 to 3 standard 
deviations above the mean, the effect estimate in any column changed only 
slightly (Table 28a). By comparison, when reporting results from the GEE 
method, the effect estimate almost doubles as the threshold is increased (Table 
24a). 
We also found extremes of positive affect were more likely to occur 
following marijuana use when using the case-crossover analysis (Table 28b). As 
with negative affect, we found effect estimates magnified under the assumption 
of a small exposure time window. When we compared these results with those of 
the GEE analysis in Table 9a, we found that results were comparable for affect 
thresholds in the mid-range of 1 to 2 standard deviations above the mean when 
the subsequent time frame was 6 hours or more. 
DISCUSSION 
Interpretation of Findings with Regard to Negative Affect 
When studying changes in affect under the influence of marijuana in 
naturalistic settings, we found that youth who use marijuana frequently had 
higher negative affect, on average, during times subsequent to marijuana use 
compared to both background times distant from marijuana use and antecedent 
times immediately preceding marijuana use. When using marijuana for coping 
147 
purposes, we found levels of negative affect were particularly high in close 
proximity to time of marijuana use, but that negative affect returned to 
background levels within a 6-hour time period. This is consistent with a self-
medication hypothesis in which marijuana is used in response to negative 
affective states.79•81 ·82•191 It appears that relief from elevated negative affect was 
achieved by participants when using marijuana for coping purposes. However, 
when participants reported using marijuana for other purposes, such as for 
pleasure or to be social, they maintained high levels of negative affect relative to 
other times, for time periods for as long as 12 hours subsequent to marijuana 
use. 
For participants who met criteria for cannabis dependence disorder with 
physiological symptoms, 201 negative affect was elevated for a period up to 3 
hours following marijuana use, but appeared to be reduced relative to 
background times when averaging negative affect over subsequent time periods 
of 6 hours or longer. This time period is longer than the usual time required to 
metabolize marijuana,210 and thus this change in negative affect over these 
longer time periods may be a conditioned response for those with dependence, 
rather than a result of the pharmacological aspects of the drug. Withdrawal 
symptoms such as irritability and cravings for marijuana216 may be elevated 
during background time periods and, once marijuana has been consumed, these 
symptoms may diminish relative to background times.216 
By contrast, participants who did not meet dependence criteria maintained 
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high levels of negative affect following marijuana use relative to background 
times. This lack of affective response to marijuana, along with that reported when 
marijuana was used for reasons other than coping, seems contradictory. It is 
possible that the increase in negative affect for those without dependence and for 
those using marijuana for pleasure may be due to responses to the drug which 
can cause unpleasant physical symptoms such as tachycardia or to increased 
anxiety under the influence of the drug, as reported by less experienced 
marijuana users. 187 Another possibility is that those who achieve reductions in 
negative affect from marijuana use are more likely to increase the frequency of 
their use and develop dependence. 
Interpretation of Findings with Regard to Positive Affect 
Positive affect under the influence of marijuana varied for participants 
meeting criteria for dependence versus those without dependence. Participants 
with dependence had an increase in positive affect following marijuana use 
relative to background times, with these effects peaking approximately 1 hour 
after marijuana use. This is consistent with the report of a "high" or euphoric state 
achieved in response to using marijuana. By contrast, those without dependence 
had a large decrease in positive affect following marijuana use relative to 
background times. Feelings of euphoria under the influence of marijuana have 
been found to be similar for both experienced and inexperienced marijuana 
users, while many other effects of smoking marijuana are more blunted in 
experienced users compared to inexperienced users. 187 To the degree that we 
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may draw parallels between those with dependence and experienced users, 
these findings contradict our expectations. 
We tested whether these differences between those with and without 
dependence could be related to the amount of experience the participant had 
with marijuana. When we added number of years of marijuana use as a variable 
to the model , we found effectively no change in the results . Therefore, it does not 
appear these results are a conditioned response to using marijuana. 
We also found extremes of negative affect and positive affect were likely 
to be experienced during marijuana use relative to background times, and 
extremes of high negative affect, in particular, occurred in close proximity to a 
marijuana use episode. This may have important implications for treatment and 
prevention as these extremes of high negative affect may be triggering marijuana 
use. Cognitive Behavioral Therapy may prove effective in managing responses to 
extreme affective states and EMA technology has been proposed as a vehicle for 
real-time intervention to marijuana triggers.217•218 
Results vis-a-vis the Self-Medication Hypothesis 
A self-medication hypothesis of marijuana use83 is partially supported by 
our findings. Marijuana seems to be modifying affect in accord with this 
hypothesis only for those meeting dependence criteria or for those reporting use 
of marijuana for coping purposes, perhaps in response to anxiety symptoms. For 
participants without coping motives or dependence, marijuana seems to 
operating to increase negative affect and to decrease positive affect. This may 
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have important implications for education and prevention, particularly if there is a 
concern that elevated negative affect under the influence of marijuana can lead 
to more use- the so-called "vicious cycle."186 While marijuana is commonly 
believed to reduce tension and produce a euphoric state, it appears that for those 
who are not dependent on marijuana and who are not using for coping purposes 
the drug is actually having a deleterious effect on mood . 
Results vis-a-vis Prior Experimental Studies 
Our findings of increased negative affect for those using marijuana to cope 
and decreased positive affect for participants not meeting criteria for dependence 
were counter to findings examining the affective response to marijuana use in an 
experimental setting.70 In that study, negative affect declined for participants and 
positive affect increased. However, the authors in that study did not have 
information on the reason for using marijuana in a naturalistic setting, nor did the 
investigators stratify the findings by those meeting dependence criteria. The 
affective measures used in that study were single measures of arousal (high or 
low) and valence (positive or negative) and may have had a different sensitivity 
to affect changes than the PANAS score used in the current study.219 
Validity of the Case-Crossover Method of Analysis 
We found that a case-crossover method of analysis replicated the results 
of a GEE analysis under conditions using exposure windows of 6 hours or more. 
Our case-crossover analysis utilized a usual frequency of exposure approach 
that made use of all of the EMA data and has been shown to maximize the 
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precision of the effect estimate.77 We found this approach appeared to magnify 
the effect estimate when the exposure time window was decreased to very small 
times, in a manner similar to the way an effect estimate may be strengthened by 
decreasing the prevalence of an outcome in a study population.215 Future 
research should explore the use of multiple control time periods77 rather than the 
usual frequency of exposure to determine whether this method of sampling 
control time is less sensitive to assumptions of the exposure time window. 
Strengths and Limitations of the Current Study 
The findings must be interpreted in light of several limitations. The study 
used an abbreviated form of the PANAS to measure positive and negative affect. 
It is possible this measure does not fully capture the arousal and euphoric states 
that may accompany marijuana use. While the measure has been used in a 
number of EMA studies in the past,80•190•203 it has been criticized as being 
insufficiently sensitive to within-person variation over time. 219 The results for 
positive affect should be interpreted with caution, with the understanding that 
positive affect was measured in terms of specific affective states that may not 
encompass the full range of positive affective experience (e.g. , happiness was 
not measured 220). 
Response rates to random signals for momentary assessments were 
about 70%, in the range reported for other EMA studies. 71 ·221 There is an 
opportunity for selection bias if non-response to random signals was associated 
with use of marijuana or associated with affect. In the first case, there were 432 
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user-initiated reports of marijuana use that included measures of affect. Thus, we 
received a substantial number of affect reports concurrent with marijuana use 
independent of the response rate to random signals. Second, non-response may 
be more likely to be associated with extremes of negative or positive affect 
because participants may not respond to a random signal if they are 
experiencing emotional distress or are too "high" to focus on the task. Since we 
found affect above background levels while under the influence of marijuana, 
then it is likely that any bias introduced by non-response to random signals would 
be toward the null. The exception to this may be for the association between 
marijuana use and positive affect for persons without dependence in which 
positive affect was lower relative to background when under the influence of 
marijuana. 
To assess the potential impact of selection bias in this situation, we 
simulated the missing 30% of momentary responses under the assumption that 
those without dependence were experiencing an extreme "high" at that moment 
(with positive affect set equal to the average positive affect experienced by those 
with dependence or about 0.50 standard deviations above the mean). With this 
simulation, we found very similar results. For example, the reported decrease in 
positive affect for those without dependence at 6 hours of antecedent time and 6 
hours of subsequent time changed from a mean change in positive affect (95% 
confidence interval) of -0.17 (-0.27, -0.07) when ignoring missing reports, to -0.13 
(-0.20, -0.04) when the missing reports were simulated as described above. 
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Thus, under the worst case assumption that all missing responses operated in a 
manner opposite of our findings, our results were unchanged. 
This study was based on a clinical population of adolescent and young 
adult regular marijuana users and may not be representative of marijuana users 
generally. There was potential for reactivity to the EMA protocol among study 
participants, in which repeated sampling influenced their use of marijuana. 
However, a prior study of reactivity in an EMA study of alcohol consumption 
found only small, non-statistically significant declines in drinking behaviors during 
the EMA protocol, as compared to a baseline assessment.221 Our findings were 
strengthened by the use of EMA data to assess change in affect under the 
influence of marijuana across multiple comparison periods, using multiple 
analytic methods and models. 
Directions for Future Research 
Future studies may examine affective response to marijuana use and the 
trajectory of marijuana use over the life-course. It may be that persons who do 
not achieve a beneficial affective response to marijuana use discontinue use over 
time. 
The method of applying a case-crossover design to an EMA study should 
be expanded to allow for covariate adjustment of the effect estimate and should 
be expanded to use control sampling strategies other than the "usual frequency 
of exposure. " 
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Conclusion 
To summarize, we found evidence to support a self-medication hypothesis 
for a subset of participants in our EMA study of affect under the influence of 
marijuana. Only those participants using marijuana to cope have a reduction in 
negative affect while under the influence of marijuana and only those participants 
meeting criteria for cannabis dependence disorder with physiological 
dependence had an increase in positive affect under the influence of marijuana. 
Participants not using marijuana for coping purposes and not meeting criteria for 
dependence experienced deleterious changes in negative and positive affect 
under the influence of marijuana. Our findings provide support for the self-
medication hypothesis that may trap marijuana users in a vicious cycle of 
continued use. 
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Table 18 Participant characteristics and momentary attributes of the participants 
in the Feelings and Marijuana Ecological Momentary Assessment study 
Participant Characteristic Value 
Age (mean ± stdev) 18.6 ± 2.0 
Female sex N (%) 23 (56.1) 




Depressive Symptomsa (mean ± stdev) 
Cannabis Dependence Disorder with Physiological 
Dependenceb N (%) 
Momentary Attributes 
Moments Measured 
Moments with Complete Affect Measuresc 
Moments using Marijuana 
Reason for Marijuana Use N (%) 
For pleasure 
For social reasons 
To conform 
To cope 
To expand my mind 
Marijuana Use by Time of Day N (%) 
Midnight to 5:59am 
6:00am to 11 :59am 
Noon to 5:59pm 
6:00pm to 11 :59pm 











7 (1 .2) 
54 (9.2) 
36 (6.1) 




Sunday 80 (13.6) 
Monday 64 (1 0.9) 
Tuesday 87 (14.7) 
Wednesday 93 (15.7) 
Thursday 99 (16. 7) 
Friday 95 (16.0) 
Saturday 74 (12.4) 
aDepressive symptoms measured with Beck's Depression Index- II 
bAssessed with Adolescent Diagnostic Interview 





Table 19a: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 
background times 
Time Subsequent to Marijuana Use (Hrs) 
Antecedent 
Time {Hrs} 1 3 6 9 12 
1 0.22 (0.12,0.31) 0.15 (0.05,0.24) 0.10 (0.01 ,0.20) 0.13 (0.04,0.23) 0.10 (0.00,0.20) 
3 0.23 (0.13,0.33) 0.16 (0 .07,0.26) 0.12 (0.02,0.22) 0.14 (0.04,0.23) 0.11 (0.00,0.21) 
6 0.22 (0.12,0.32) 0.16 (0 .06,0.26) 0.11 (0 .01 ,0.21) 0.14 (0.04,0.23) 0.11 (0 .01,0.21) 
9 0.22 (0 .11 ,0.32) 0.16 (0.06,0.26) 0.10 (0 .00,0.21) 0.13 (0.03,0.23) 0.10 (0.00,0.21) 
12 0.21 (0.11 ,0.31) 0.15 (0.05,0.26) 0.10(-0.01 ,0.20) 0.13 (0 .03,0.23) 0.10 (0.00,0.20) 
Table 19b: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 
background times when using marijuana for coping or conforming reasonsb 
Time Subsequent to Marijuana Use (Hrs) 
Antecedent 
Time {Hrs} 1 3 6 9 12 
1 0.37 (0.25,0.50) 0.11 (0.00,0.22) 0.00 (-0.10,0.10) 0.05 (-0.05,0.15) 0.04 (-0.08,0.16) 
3 0.39 (0.26,0.51) 0.12 (0.02,0.23) 0.02 (-0.08,0.12) 0.06 (-0.04,0.16) 0.05 (-0.07,0.17) 
6 0.38 (0.25,0.50) 0.12 (0.01,0.23) 0.01 (-0.09,0.11) 0.06 (-0.05,0.16) 0.05 (-0.07,0.17) 
9 0.38 (0.25,0.50) 0.12 (0.01 ,0.23) 0.00 (-0.10,0.11) 0.05 (-0.05,0.15) 0.05 (-0.07,0.16) 




Table 19c: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 









0.15 (0 .05,0.24) 
0.14 (0.04,0.24) 
0.14 (0.03,0.24) 
Time Subsequent to Marijuana Use (Hrs) 
3 
0.10 (0.00,0.19) 
0.11 (0 .02,0.21) 





0.11 (0.01,0.21) 0.08 (-0.03,0.18) 
9 
0.10 (0.01 ,0.20) 
0.11 (0.01 ,0.21) 
0.11 (0.01 ,0.21) 






12 0.13 (0 .03,0.23) 0.10 (0.00,0.20) 0.07 (-0.04,0.17) 0.10 (0.00,0.20) 0.07 (-0.03,0.18) 
Table 19d: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 








0.17 (0.01 ,0.34) 
0.18 (0.00,0.35) 
0.18 (0.00,0.36) 
0.20 (0 .02,0.39) 









-0.11 ( -0.30,0.07) 















Table 19e: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 








0.23 (0.11 ,0.35) 
0.24 (0.12,0.36) 
0.23 (0.1 0,0.35) 
0.21 (0 .09,0.34) 














0.24 (0 .12,0.37) 
0.24 (0.11,0.36) 
12 
0.20 (0 .07,0.33) 
0.21 (0.08,0.34) 
0.21 (0.08,0.34) 
0.21 (0 .08,0.34) 
12 0.21 (0.08,0.34) 0.15 (0.03,0.28) 0.16 (0.04,0.29) 0.24 (0.11 ,0.36) 0.21 (0._98,0.~ 
8 Difference estimates are in standard deviations (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 














Time Subsequent to Marijuana Use (Hrs) 
1 3 6 9 12 
0.20 (-0.01,0.41) 0.15 (-0.08,0.38) 0.09 (-0.16,0.34) 0.05 (-0.22,0.31) 0.01 (-0.31,0.33) 
0.16 (0.01 ,0.31) 0.08 (-0.08,0.24) 0.02 (-0.16,0.19) 0.07 (-0.11,0.25) -0.02 (-0.23,0.20) 
0.21 (0.07,0.34) 0.12 (-0.02,0.26) 0.07 (-0.08,0.21) 0.09 (-0.06,0.24) -0.01 (-0.19,0.17) 
0.21 (0.09,0.34) 0.13 (0.00,0.26) 0.10 (-0.04,0.23) 0.11 (-0.02,0.25) 0.04 (-0.13,0.21) 
0.22 (0 .10,0.34) 0.14 (0.01,0.27) 0.11 (-0.02,0.24) 0.13 (-0.01,0.26) 0.06 (-0.11,0 . ~3) 
Table 20b: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 










0.35 (0.21 ,0.50) 
0.36 (0.21 ,0.50) 
Time Subsequent to Marijuana Use (Hrs) 
3 
0.13 (-0.08,0.33) 






















Table 20c: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 








Time Subsequent to Marijuana Use (Hrs) 
1 3 6 9 12 
0.11 (-0.10,0.32) 0.10 (-0.13,0.33) 0.06 (-0.19,0.31) 0.02 (-0.24,0.28) -0.02 (-0.33,0.30) 
0.07 (-0.08,0.22) 0.03 (-0.14,0.19) -0.01 (-0.19,0.16) 0.04 (-0.14,0.22) -0.05 (-0.26,0.17) 
0.12 (-0.01,0.25) 0.07 (-0.07,0.21) 0.04 (-0.11,0.18) 0.06 (-0.08,0.21) -0.03 (-0.22,0.15) 
0.13 (0.00,0.25) 0.08 (-0.05,0.21) 0.06 (-0.07,0.20) 0.09 (-0.05,0.23) 0.01 (-0.16,0.18) 
0.14 (0.02,0.26) 0.09 (-0.03,0.22) 0.08 {-0.05,0.21) 0.10 (-0.03,0.23) . 0.03 (-0.14,0.20) 
Table 20d: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 








Time Subsequent to Marijuana Use (Hrs) 
1 3 6 9 12 
0.07 (-0.27,0.41) 0.03 (-0.36,0.43) -0.15 (-0.57,0.27) -0.29 (-0.67,0.09) -0.17 (-0.63,0.30) 
0.11 (-0.15,0.36) 0.07 (-0.21,0.35) -0.01 (-0.30,0.27) -0.06 (-0.33,0.20) -0.05 (-0.38,0.27) 
0.12 ( -0.11 ,0.34) 0.07 ( -0.17,0.30) -0.02 (-0.26,0.22) -0.11 (-0.34,0.11) -0.11 ( -0.39,0.17) 
0.09 (-0.12,0.30) 0.03 (-0.19,0.25) -0.03 (-0.26,0.19) -0.11 (-0.32,0.1 0) -0.09 (-0.36,0.18) 




Table 20e: Differencea in individual-standardized negative affect between times subsequent to marijuana use and 
antecedent times for persons without dependencec 
Time Subseguent to Marijuana Use (Hrs) 
Antecedent 
Time (Hrs) 1 3 6 9 12 
1 0.27 (0.01 ,0.54) 0.23 (-0.06,0.51) 0.23 (-0.08,0.54) 0.25 (-0.10,0.59) 0.12 (-0.31 ,0.54) 
3 0.19 (0.00,0.39) 0.08 (-0.12,0.28) 0.03 (-0.18,0.25) 0.14 (-0.09,0.37) 0.01 (-0.28,0.29) 
6 0.25 (0.09,0.42) 0.15 (-0.02,0.32) 0.11 (-0.07,0.29) 0.19 (0.00,0.39) 0.06 (-0.18,0.29) 
9 0.28 (0.12,0.43) 0.17 (0 .01 ,0.33) 0.16 (-0.01 ,0.33) 0.22 (0.04,0.40) 0.12 (-0 .10,0.34) 
12 0.28 (0.13,0.43) 0.18 (0 .02,0.33) 0.17 (0 .01 ,0.33) 0.23 (0.06,0.40) 0.13 (-0 . 0~,0.3~ 
aDifference estimates are in standard deviations (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 


















Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.00 (-0.08,0.09) -0.02 (-0.10,0.07) -0.04 (-0.13,0.04) -0.05 (-0.15,0.05) 
0.00 (-0.09,0.09) -0.02 (-0.11 ,0.07) -0.05 (-0.14,0.04) -0.05 (-0.16,0.05) 
-0.01 (-0.10,0.08) -0.04 (-0.13,0.05) -0.06 (-0.15,0.03) -0.06 (-0.16,0.04) 
-0.01 (-0.1 0.0.08) -0.04 (-0.13,0.05) -0.06 (-0.15,0.03) -0.07 (-0.17,0.04) 
12 0.05 (-0.04,0.14) -0.01 (-0.10,0.08) -0.04 (-0.13,0.06) -0.06 (-0.15,0.03) -0.07 (-0.17,0.03) 
Table 21 b: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 












Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.02 (-0.09,0.12) -0.01 (-0.11 ,0.09) -0.04 (-0.13,0.06) -0.06 (-0.18,0.05) 
0.01 (-0.09,0.12) -0.01 (-0.11 ,0.08) -0.04 (-0.14,0.06) -0.06 (-0.18,0.05) 
0.01 (-0.10,0.11) -0.03 (-0.12,0.07) -0.05 (-0.15,0.05) -0.07 (-0.19,0.05) 
0.01 (-0.10.0.11) -0.02 (-0.12.0.08) -0.05 (-0.15,0.05) -0.07 (-0.19,0.04) 




Table 21c: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 








Time Subsequent to Marijuana Use (Hrs) 
1 3 6 9 12 
0.07 (-0.01,0.16) 0.01 (-0.08,0.09) -0.01 (-0.10,0.07) -0.04 (-0.13,0.04) -0.05 (-0.15,0.05) 
0.07 (-0.02,0.16) 0.00 (-0.09,0.09) -0.02 (-0.11 ,0.07) -0.05 (-0.14,0.04) -0.05 (-0.15,0.05) 
0.06 (-0.03,0.15) -0.01 (-0.10,0.08) -0.04 (-0.13,0.06) -0.06 (-0.15,0.03) -0.06 (-0.16,0.05) 
0.06 (-0.04,0.15) -0.01 (-0.10,0.09) -0.04 (-0.13,0.06) -0.06 (-0.15,0.03) -0.06 (-0.16,0.04) 
0.06 (-0.04,0.15) -0.01 (-0.10,0.09) -0.03 (-0.13,0.06) -0.06 (-0.15,0.03) -0.06 (-0.17,0.04) 
Table 21d: Differencea in individual-standardized positive affect between times subsequent to marijuana use 








0.47 (0 .30,0.64) 
0.49 (0 .31 ,0.67) 
0.48 (0 .30,0.67) 
0.48 (0 .29,0.67) 








0.30 (0.11 ,0.49) 
0.28 (0.08,0.48) 
0.30 (0.1 0,0.50) 
9 
0.17 (0.00,0.34) 
0.18 (0.01 ,0.35) 




0. 06 ( -0.13, 0.26) 
0.06 (-0.14,0.25) 
0.04 (-0.16,0.23) 




Table 21e: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 
background times for persons without dependencec 
Time Subsequent to Marijuana Use (Hrs) 
Antecedent 
Time {Hrs) 1 3 6 9 12 
1 -0.10 (-0.19,-0.01) -0.14 (-0.23,-0.04) -0.15 (-0.25,-0.05) -0.14 (-0.24,-0.04) -0.13 (-0.25,-0.01) 
3 -0.11 (-0.20,-0.01) -0.15 ( -0.25,-0.05) -0.16 (-0.26,-0.06) -0.15 (-0.25,-0.05) -0.13 ( -0.25,-0.01) 
6 -0.12 (-0.22,-0.03) -0.16 (-0.26,-0.06) -0.17 (-0.27,-0.07) -0.17 (-0.27,-0.06) -0.14 (-0.26,-0.02) 
9 -0.12 (-0.22,-0.02) -0.15 (-0.26,-0.05) -0.18 (-0.28,-0.07) -0.17 (-0.27,-0.06) -0.14 (-0.26,-0.02) 
12 -0.11 (-0.21 ,-0.0_1)__ -0.15 (-() .25,-0.04) -0.17 (-0.28,-0.07) -0.16 (-0.27,-0.06) -0.14 (-0.26,-0.02) 
aDifference estimates are in standard deviations (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 





Table 22a: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 
antecedent times 
Time Subsequent to Marijuana Use (Hrs) 
Antecedent 
Time (Hrs) 1 3 6 9 11]2 
1 0.04 (-0.13,0.22) 0.02 (-0.18,0.22) 0.07 (-0.14,0.29) 0.03 (-0.20,0.27) 0.06 (-0.25,0.37) 
3 0.06 (-0.07,0.19) 0.03 (-0.11 ,0.17) 0.05 (-0.10,0.20) 0.01 (-0.15,0.17) 0.02 (-0.19,0.23) 
6 0.09 (-0.02,0.21) 0.05 (-0.07,0.17) 0.07 (-0.06,0.20) 0.04 (-0.09,0.17) 0.05 (-0.13,0.22) 
9 0.09 (-0.02,0.19) 0.04 (-0.08,0.15) 0.05 (-0.06,0.17) 0.03 (-0.10,0.15) 0.07 (-0.09,0.24) 
12 0.08 (-0.02,0.19) - 0.03 (-0.08,0.14) 0.04 (-0.07,0.16) 0.01 (-0.11 ,0.13) 0.10 (-0.07,Q.26) 
Table 22b: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 










0.15 (0.01 ,0.28) 
0.14 (0.01 ,0.27) 
Time Subsequent to Marijuana Use (Hrs) 
3 
0.03 (-0.16,0.23) 






















Table 22c: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 







Time Subsequent to Marijuana Use (Hrs) 
1 3 6 9 
0.04 (-0.14,0.22) 0.01 (-0.19,0.21) 0.07 (-0.14,0.29) 0.03 (-0.20,0.27) 
0.06 (-0.07,0.19) 0.03 (-0.12,0.17) 0.05 (-0.10,0.20) 0.01 (-0.15,0.17) 
0.10 (-0.02,0.21) 0.04 (-0.08,0.17) 0.07 (-0.05,0.20) 0.04 (-0.10,0.17) 






12 0.09 (-0.02,0.19) 0.03 (-0.08,0.14) 0.04 (-0.07,0.16) 0.01 (-0.11,0.13) 0.10 (-0.06,0.26) 
Table 22d: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 












Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.28 (-0.11,0.68) 0.26 (-0.17,0.68) 0.17 (-0.25,0.60) 0.09 (-0.45,0.64) 
0.29 (0.00,0.57) 0.24 (-0.06,0.54) 0.11 (-0.19,0.41) -0.01 (-0.39,0.38) 
0.33 (0.09,0.57) 0.30 (0.05,0.55) 0.17 (-0.08,0.42) 0.04 (-0.29,0.37) 
0.33 (0.11.0.56) 0.26 (0.03.0.50) 0.17 (-0.06,0.41) 0.15 (-0.17,0.46) 




Table 22e: Differencea in individual-standardized positive affect between times subsequent to marijuana use and 
antecedent times for persons without dependencec 
Time Subsequent to Marijuana Use (Hrs) 
Antecedent 
Time {Hrs} 1 3 6 9 12 
1 -0.04 (-0.25,0.16) -0.11 (-0.34,0.11) -0.03 (-0.27,0.22) -0.04 (-0.32,0.24) 0.03 (-0.35,0.41) 
3 -0.05 (-0.19,0.1 0) -0.09 (-0.25,0.07) -0 .04 (-0 .21,0.13) -0.03 (-0.22,0.15) 0.03 (-0.22,0.28) 
6 -0.03 (-0.16,0.10) -0.09 (-0.22,0.05) -0.04 (-0.19,0.1 0) -0.03 (-0.18,0.13) 0.03 (-0.18,0.24) 
9 -0.05 (-0.17,0.07) -0.10 (-0.23,0.03) -0.05 (-0.19,0.08) -0.05 ( -0.19,0.1 0) 0.02 (-0.18,0.21) 
12 -0.07 (-0.18,0.05)__ -0.12 (-0.24,0.01) -0.07 (-0.20,0.06) -0.07 (-0.21 ,0.07) 0.03 (-0.17,0.22) 
aDifference estimates are in standard deviations (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 
cDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological Dependence based on the Adolescent 
Diagnostic Interview 
Table 23: Number of extreme negative affect reports during times subsequent to marijuana use 
Time Subsequent to Marijuana Use (Hrs) 
High Negative Affect 
Threshold 
(Standard Deviations 
above Mean) 1 3 6 9 12 
0.10 1,379 1,249 1,179 1,126 1,042 
0.50 852 772 730 706 655 
1.00 506 461 436 418 385 
1.50 336 304 291 280 256 
2.00 230 204 192 185 165 
2.50 163 141 131 124 111 
3.00 110 91 88 82 72 




Table 24a: Adjusteda relative odds of experiencing high negative affect during times subsequent to marijuana use 
relative to background times 
Time Subsequent to Marijuana Use (Hrs) 
High Negative Affect Threshold 
(Standard Deviations above Mean} 1 3 6 9 12 
0.10 1.15 (0 .86, 1.54) 1.07 (0 .85, 1.35) 0.98 (0.78, 1.25) 1.03 (0 .78,1 .36) 1.03 (0.76,1.41) 
0.50 1.18 (0.88, 1.58) 1.06 (0 .86,1.31) 0.98 (0.79, 1.22) 1.08 (0.84, 1.38) 1.17 (0.87,1.58) 
1.00 1.32 (0.97,1 .78) 1.19 (0.90,1 .57) 1.07 (0. 79, 1.45) 1.13 (0.82,1.56) 1.32 (0.93, 1.88) 
1.50 1.39 (1 .05,1.84) 1.27 (0.97, 1.66) 1.17 (0.89, 1.53) 1.27 (0.96, 1.68) 1.40 (0.99, 1.97) 
2.00 1.52 (1.13,2.06) 1.32 (0.98,1.78) 1.27 (0.94,1.72) 1.43 (1 .07, 1.93) 1.44 (1 .03,2.02) 
2.50 1.80 (1 .20,2.68) 1.61 (1 .12,2.31) 1.54 (1 .09,2.17) 1.76 (1 .22,2.54) 1.66 (1 .01 ,2.73) 
3.00 2.03 (1.26,3.29) 1.74 {1 .05,2.£37) 1.79 (1.11 ,2.88) 1.93 (1 .20,3.1 0) 2.04 (1 .23,3.39) 
...... Table 24b: Adjusteda relative odds of experiencing high negative affect during times subsequent to marijuana use 
~ relative to background times when using marijuana to cope or conformb 











Time Subsequent to Marijuana Use (Hrs) 
1 3 6 9 12 
1.05 (0 .78,1.41) 1.02 (0.80,1.29) 0.95 (0.75,1.20) 1.00 (0.76,1.31) 0.99 (0.73,1.36) 
1.04 (0.78,1.40) 0.99 (0 .80,1.21) 0.92 (0.75,1.14) 1.02 (0.79,1.30) 1.11 (0.82,1.49) 
1.19 (0.88, 1.62) 1.11 (0.84, 1.46) 1.00 (0. 75, 1.35) 1.06 (0. 77, 1.46) 1.23 (0.86, 1. 75) 
1.16 (0 .88,1 .54) 1.11 (0.85,1.46) 1.05 (0.81 ,1.35) 1.14 (0.87,1 .51) 1.25 (0 .89,1.76) 
1.24 (0.93,1.67) 1.15 (0.86,1.54) 1.14 (0 .86,1.51) 1.31 (0 .99,1.74) 1.30 (0.93,1.82) 
1.80 (1.20,2.68) 1.61 (1 .12,2.31) 1.54 (1.09,2.17) 1.76 (1 .22,2.54) 1.66 (1 .01 ,2.73) 




Table 24c: Adjusteda relative odds of experiencing high negative affect during times subsequent to marijuana use 
relative to background times when using marijuana to for reasons other than to cope or conformb 













1.09 (0.81 ,1.46) 
1.31 (0.94,1 .84) 
1.31 (0.95,1.80) 
1.45 (1 .08,1.93) 
2.01 (1.15,3.50) 
2.46 (1.14,5.30) 
Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.95 (0.72,1.25) 0.86 (0.66, 1.13) 0.81 (0.60,1.09) 0.73 (0.50,1 .07) 
1.06 (0.80, 1.39) 0.98 (0.74,1.31) 0.94 (0.70, 1.26) 0.90 (0.63,1.28) 
1.18 (0.86,1.61) 1.14 (0.80,1.61) 1.12 (0 .75,1.67) 0.89 (0.56,1.41) 
1.14 (0 .88,1.48) 1.12 (0.83,1 .51) 1.11 (0.77,1.59) 0.96 (0.63,1.47) 
1.21 (0.91,1.61) 1.28 (0.90,1.82) 1.33 (0 .87,2.05) 1.08 (0 .61,1.92) 
1.75 (0.96,3.20) 1.88 (0.89,3.98) 2.02 (0.81,5.01) 1.55 (0 .55,4.39) 
2.24 (0.98,5.14) 2.38 (0.99,5.73) 2.41 (0.94,6.15) 1.88 (0.75,4.74) 
Table 24d: Adjusteda relative odds of experiencing high negative affect during times subsequent to marijuana use 
relative to background times for persons with dependencec 












0.99 (0 .74,1.33) 
1.09 (0.81 ,1.46) 
1.31 (0 .94,1.84) 
1.31 (0.95,1.80) 
1.45 (1.08,1.93) 
2.01 (1 .15,3.50) 
2.46 (1.14,5.30) 
Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.95 (0. 72, 1.25) 0.86 (0.66, 1.13) 0.81 (0.60,1.09) 0. 73 (0.50, 1.07) 
1.06 (0.80, 1.39) 0.98 (0.74,1.31) 0.94 (0.70,1.26) 0.90 (0.63, 1.28) 
1.18 (0.86,1.61) 1.14 (0.80,1.61) 1.12 (0.75,1.67) 0.89 (0.56,1.41) 
1.14 (0.88,1.48) 1.12 (0.83,1.51) 1.11 (0.77,1 .59) 0.96 (0.63,1.47) 
1.21 (0 .91 ,1.61) 1.28 (0.90, 1.82) 1.33 (0.87,2.05) 1.08 (0.61,1 .92) 
1.75 (0.96,3.20) 1.88 (0.89,3.98) 2.02 (0 .81,5.01) 1.55 (0.55,4.39) 




Table 24e: Adjusteda relative odds of experiencing high negative during times subsequent to marijuana use relative 
to background times for persons without dependencec 
Time Subsequent to Marijuana Use (Hrs) 
High Negative Affect 
Threshold 
(Standard Deviations 
above Mean) 1 3 6 9 12 
0.10 1.12 (0.82,1 .54) 1.09 (0.81 '1.47) 1.12 (0.81 ,1.56) 1.27 (0.87' 1.86) 1.35 (0.90,2.02) 
0.50 1.02 (0. 75, 1.39) 0.98 (0. 73, 1.32) 1.02 (0.74,1.41) 1.23 (0.85, 1. 78) 1.37 (0.90,2.09) 
1.00 1.20 (0 .84,1.71) 1.11 (0.76,1.64) 1.11 (0.72,1 .71) 1.36 (0.88,2.1 0) 1.67 (1.04,2.67) 
1.50 1.46 (0.97,2.20) 1.32 (0.86,2.01) 1.39 (0.94,2.06) 1.69 (1 .18,2.41) 1.85 (1.18,2.89) 
2.00 1.58 (1.02,2.44) 1.37 (0.90,2.08) 1.52 (1 .02,2.26) 1.84 (1 .27,2.65) 1.88 (1 .16,3.02) 
2.50 1.94 (1.12,3.38) 1.62 (0 .98,2.68) 1.75 (1.10,2.78) 2.02 (1 .27,3.19) 2.11 (1.11,4.01) 
3.00 1.99 (0 .98,4.08) 1.54 (0.75,3.16) 1.96 (0.98,3.91) 2.25 (1.21 ,4.20) 2.65 (1.26,5.57) 
aOdds ratio (95% Confidence Interval) adjusted for time of day, time of week, age, race/ethnicity, and depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 
cDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological Dependence based on the Adolescent 
Diagnostic Interview 
Table 25a: Number of extreme positive affect reports during times subsequent to marijuana use 
Time Subsequent to Marijuana Use (Hrs) 
High Positive Affect 
Threshold 
(Standard Deviations 
above Mean) 1 3 6 9 12 
0.10 1,763 1,604 1,526 1,466 1,354 
0.50 1,175 1,070 1,014 972 893 
1.00 517 460 430 415 378 
1.50 220 194 179 167 157 
2.00 94 79 73 65 61 
2.50 51 45 43 36 33 
3.00 32 29 28 22 22 





Table 26a: Adjusteda relative odds of experiencing high positive affect during times subsequent to marijuana use 
relative to background times 













1.21 (0 .87,1 .68) 
1.41 (1 .06,1.89) 
2.21 (1 .53,3.18) 
4.22 (2.13,8.35) 
4.50 (1 .85,10.93) 
4.81 {1Jl6,11 .80) 
Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.97 (0.74,1 .27) 0.92 (0 .68, 1.25) 0.91 (0.67' 1.23) 0.90 (0.63, 1.28) 
1.06 (0.81 '1.39) 1.00 (0. 75, 1.35) 1.04 (0.77,1.40) 0.98 (0. 70, 1.36) 
1.20 (0.94, 1.53) 1.14 (0.86, 1.51) 1.14 (0.88, 1.49) 0.96 (0 .63, 1.44) 
1.90 (1.33,2.73) 1.69 (1 .11 ,2.55) 1.51 (0.99,2.31) 1.56 (0 .88,2. 78) 
3.06 (1.43,6.52) 2.32 (1.08,5.00) 1.75 (0 .89,3.45) 2.06 (0 .94,4.55) 
4.24 (1 .65, 1 0.90) 3.69 (1.41,9.68) 2.68 (1 .18,6.11) 4.28 (1 .73, 10.59) 
5.24 (1 .85, 14.87)____1.1_5_(1_.5_3, 12.96) - 2.32 (0.78,6.87) 6.06 (1 .94, 18.90) 
~ Table 26b: Adjusteda relative odds of experiencing high positive affect during times subsequent to marijuana use 
relative to background times when using marijuana to cope or conformb 

















4.26 (1.41 ,12.87) 
3.16 (0.90,11 .10) 
Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
1.00 (0.73,1 .38) 0.93 (0.66, 1.32) 0.89 (0 .62, 1.26) 0.91 (0.61 '1.37) 
1.10 (0.80,1 .51) 1.01 (0 .72, 1.42) 1.06 (0 . 76, 1.49) 1.06 (0 .73,1 .53) 
1.14 (0.83, 1.55) 1.11 (0 .81 '1.52) 1.09 (0.81 '1.46) 0.95 (0 .63,1.41) 
1.72 (1.21,2.46) 1.53 (1.07,2.17) 1.37 (0.92,2.02) 1.26 (0.72,2.21) 
2.20 (1 .04,4.66) 1.39 (0.65,2.98) 1.11 (0.54,2.27) 1.03 (0.45,2.33) 
3.43 (1 .15,10.19) 2.41 (0.79,7.38) 2.00 (0 .82,4.86) 2.64 (1.02,6.78) 
3.13 (0.85, 11.52) 2.30 (0.57,9.25) 1.38 (0.36,5.34) 1.89 (0.46,7.74) 
....... 
Table 26c: Adjusteda relative odds of experiencing high positive affect during times subsequent to marijuana use 
relative to background times when using marijuana to for reasons other than to cope or conformb 













1.21 (0 .87, 1.69) 




5.79 (2.64, 12.69) 
Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.96 (0 .73, 1.27) 0.92 (0 .68, 1.25) 0.91 (0.67, 1.23) 0.89 (0.63, 1.27) 
1.05 (0.80, 1.38) 1.00 (0.75,1 .34) 1.04 (0 .77,1.39) 0.96 (0 .69, 1.32) 
1.20 (0.93, 1.56) 1.15 (0.85, 1.55) 1.15 (0 .87,1.51) 0.96 (0 .64, 1.45) 
1.88 (1 .29,2.73) 1.65 (1 .07,2.54) 1.46 (0.95,2.26) 1.52 (0.84,2. 76) 
2.89 (1 .31 ,6.34) 2.19 (0.99,4.85) 1.59 (0.78,3.24) 1.90 (0.82,4.41) 
3.75 (1 .35,10.44) 3.28 (1.17,9.21) 2.22 (0.89,5.57) 3.91 (1.40,10.96) 
6.09 (2 .10,17.67) 5.24 (1.70,16.19) 2.92 (0.82, 1 0.43) 4.71 (1.57,14.11) 
~ Table 26d: Adjusteda relative odds of experiencing high positive affect during times subsequent to marijuana use 
relative to background times for persons with dependencec 













1.92 (1 .28,2.89) 
2.32 (1 .66,3.23) 
2.80 (1.26,6.22) 
9.17 (4.48, 18.78) 
10.87 (2.60,45.46) 
11 .75 (3.27,42.16) 
Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
1.24 (0.92, 1.67) 1.27 (0.90, 1.80) 1.27 (0 .93,1.74) 1.11 (0.70,1.77) 
1.48 (1 .12,1.95) 1.39 (0.98, 1.95) 1.46 (1 .12,1.90) 1.13 (0.75,1.70) 
1.61 (1 .18,2.21) 1.40 (0.97,2.04) 1.25 (0.95, 1.64) 0.81 (0.49, 1.32) 
1.97 (1 .00,3.89) 1.57 (0.72,3.41) 1.15 (0 .60,2.20) 1.22 (0.59,2.51) 
3.94 (1 .31 ' 11 .85) 2.33 (0.74,7.34) 1.32 (0 .55,3.12) 1.25 (0.51 ,3.02) 
7.26 (1 .65,31.87) 6.27 (1 .39,28.26) 2.55 (0.69,9.35) 2.82 (0.87,9.18) 




Table 26e: Adjusteda relative odds of experiencing high positive affect during times subsequent to marijuana use 
relative to background times for persons without dependencec 











0.94 (0 .63, 1.40) 
0.99 (0 .66, 1.47) 
1.13 (0.79,1.62) 
2.18 (1 .53,3.1 0) 
3.41 (1.48,7.86) 
3.43 (1.43.8.24) 
Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
0.89 (0.62, 1.28) 0.83 (0.56, 1.22) 0.78 (0.52,1 .17) 0. 79 (0.49, 1.28) 
0.91 (0.64, 1.30) 0.86 (0.59, 1.25) 0.88 (0.59, 1.33) 0.91 (0.57, 1.46) 
1.02 (0.74,1.42) 0.98 (0.68, 1.41) 1.00 (0.69, 1.45) 1.01 (0.56, 1.83) 
2.10 (1 .39,3.16) 1.92 (1.19,3.11) 1.84 (1 .05,3.19) 1.82 (0 .80,4.14) 
3.17 (1.21 ,8.30) 2.66 (0.99,7.13) 2.49 (0 .99,6.25) 2.97 (0 .98,9.02) 
4.04 (1 .36.12.02) 3.61 (1 .16.11 .30) 3.12 (1 .13,8.61) 5.23 (1 .35,20.31) 
3.00 3.53 (1_._28,9.69) 4.83 (1 .16,20.Q_6_)_4.06 (0 .93, 17.68) 2.90 (0 .71 '11 .87) 6.97 (1 .71 ,28.44) 
3 0dds ratio (95% Confidence Interval) adjusted for time of day, time of week, age, race/ethnicity, and depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 
cDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological Dependence based on the Adolescent 
Diagnostic Interview 
...... 
Table 27a: Comparison of results from case-crossover analysis and generalized estimating equations using the 
same simulated data with no difference in mean affect levels between time subsequent to marijuana use and 
background times 













1.1 (0.7,1 .7) 
1.0 (0.6, 1.6) 
1.0 (0.6, 1.8) 
1.0 (0.3,2.8) 
Varied Timed 
1.0 (0.7,1 .6) 
1.0 (0.7,1.6) 
1.1 (0.7,1 .7) 







1.0 (1 .0,1.1) 






0.9 (0.8,1 .0) 
1.0 (0.9,1 .1) 
1.0 (0.9,1 .3) 
1.3 (0.9,1 .8) 
1.9 (1.0,3.6) 
::j Table 27b: Comparison of results from case-crossover analysis and generalized estimating equations using the 
same simulated data with affect subsequent to marijuana use 0.10 standard deviations higher than background 
times 










Fixed Timec Varied Timed 
1.2 (0.8,1.8) 1.1 (0.7,1 .7) 
1.2 (0.8, 1.8) 1.1 (0.7,1.7) 
1.3 (0.9,2.0) 1.1 (0.7,1.7) 
1.3 (0.8,2.0) 1.1 (0.7,1.7) 
1.7 (1 .0,3.0) 1.6 (0.9,2.8) 
1.7 (0.7,4.4) 1.1 (0.4,3.1) 
Generalized Estimating Equation 
Analysisb 
Fixed Timec Varied Timed 
1.3 (1.2,1.4) 1.1 (1 .0,1 .2) 
1.2 (1 .1,1.4) 1.1 (1.0,1.3) 
1.4 (1 .2,1 .6) 1.1 (1.0,1.4) 
1.3 (1 .0,1.6) 1.2 (0.9,1.6) 
1.4 (0.9,2.2) 1.5 (0.9,2.5) 




Table 27c: Comparison of results from case-crossover analysis and generalized estimating equations using the 
same simulated data with affect subsequent to marijuana use 1.00 standard deviation higher than background 
times 





















Generalized Estimating Equation Analysisb 
Fixed Timec 











3.00 24.1 (16.0,36.3) 9.6 (6.1,15.0) 18.8 (13.1,26.9) 12.3 (8.4,18.2) 
8 The case-crossover design uses within-subject pairwise resampling (1 00 iterations) to estimate the Mantei-Haenszel Odds ratio in the 
manner of Maclure (1991 ). The simulation used an antecedent time of 6 hours and a subsequent time of 6 hours 
bThe generalized estimating equations is a repeated-outcome analysis using an exchangeable correlation matrix to account for correlation 
of outcomes within subjects 
cln the fixed time simulation, all participants contributed the same amount of person time to the analysis 




Table 28a: Unadjusted relative odds of experiencing high negative affect under the influence of marijuana relative 
to background timesa from case-crossover analysis 



















Time Subsequent to Marijuana Use (Hrs) 
3 6 9 12 
2.22 (1 .97,2.49) 1.49 (1 .33,1.68) 1.38 (1 .23, 1.56) 1.74 (1 .52, 1.98) 
2.23 (1 .99,2.51) 1.50 (1.33, 1.69) 1.50 (1.33, 1.69) 1.85 (1 .63,2.11) 
2.00 (1.78,2.26) 1.53 (1.36,1.72) 1.55 (1 .37,1 .74) 1.86 (1.63,2.13) 
2.14 (1 .90,2.41) 1.68 (1.49, 1.88) 1.67 (1.48, 1.88) 1.79 (1.56,2.05) 
2.53 (2.25,2.86) 1.96 (1 .74,2.21) 1.78 (1 .58,2.01) 2.49 (2.20,2.83) 
2.30 (2.03,2.61) 1.65 (1.46, 1.87) 1.67 (1.47,1 .89) 2.13 (1 .86,2.44) 
2.42 (2.13,2.76) 1.80 (1.58,2.05) 1.64 (1.44, 1.87) 2.53 (2 .20,2.91) 
Table 28b: Unadjusted relative odds of experiencing high positive affect under the influence of marijuana relative to 
background timesa from case-crossover analysis 
High Positive Affect Threshold 








a Antecedent time fixed at 6 hours 
Time Subsequent to Marijuana Use (Hrs) 
1 3 6 9 12 
4.65 (4.13,5.23) 2.06 (1 .83,2.32) 1.59 (1.42,1.79) 1.26 (1 .11,1.43) 1.55 (1 .35,1.79) 
5.07 (4.50,5.70) 2.23 (1 .98,2.50) 1.55 (1 .38,1 .75) 1.37 (1 .22,1.55) 1.51 (1 .31,1.73) 
4.70 (4.16,5.30) 2.36 (2.09,2.65) 1.49 (1 .33,1 .68) 1.42 (1 .26,1.61) 1.68 (1.46,1.94) 
5.84 (5.13,6.64) 2.60 (2.28,2.96) 1.85 (1 .62,2.10) 1.73 (1 .51 ,1.97) 2.19 (1 .89,2.53) 
8.11 (6.99,9.41) 2.73 (2.34,3.17) 1.60 (1.38,1.87) 1.59 (1 .36,1 .87) 2.44 (2.05,2.89) 
9.18 (7.66,11 .00) 3.19 (2.66,3.83) 1.77 (1.48,2.12) 1.73 (1.42,2.10) 2.74 (2.20,3.40) 
8.84 (7.06,11 .06) 3.05 (2.44,3.82) 1.73 (1 .38,2.17) 1.19 (0.92,1.54) 2.08 (1 .60,2.69) 




Figure 22: Classification of Individual EMA Timeline into Background, Antecedent, and Subsequent Times 
Background Time Antecedent Time Subsequent-to-Use Time Background Time 
--------------------· - - - - - -······························ -------------· 
Timeline Marijuana Use / 
Figure 23a: Mean and 95% confidence inteNal of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
background times 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A# = The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 23b: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
background times when using marijuana to cope or conformb 
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3 Estimate (standard deviations) adjusted for time of day , time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A# = The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 23c: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
background times when using marijuana for reasons other than to cope or 
conformb 
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A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 23d: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 23e: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
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aEstimate (standard deviations) adjusted for time of day , time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A# = The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 24a: Mean and 95% confidence interval of changea in individual-
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8 Estimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 24b: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
antecedent times when using marijuana to cope or conformb 
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aEstimate (standard deviations) adjusted for time of day, time ofweek, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 24c: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 24d: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
antecedent times for persons without dependenceb 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 24e: Mean and 95% confidence interval of changea in individual-
standardized negative affect for times subsequent to marijuana use relative to 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 25a: Mean and 95% confidence interval of changea in individual-
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 25b: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 25c: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
background times when using marijuana for reasons other than to cope or 
conformb 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bMotives for use measured with modified form of Marijuana Motives Measure 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 25d: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
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8 Estimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 25e: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 26a: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times under the influence of marijuana relative to 
antecedent times 
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a Estimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 26b: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 26c: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
antecedent times when using marijuana for reasons other than to cope or 
conformb 
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a Estimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
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Figure 26d: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
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3 Estimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
Figure 26e 
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Figure 26e: Mean and 95% confidence interval of changea in individual-
standardized positive affect for times subsequent to marijuana use relative to 
antecedent times for persons without dependenceb 
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aEstimate (standard deviations) adjusted for time of day, time of week, age, race/ethnicity, and 
depressive symptoms 
Label Key 
A#= The number of hours of antecedent time preceding marijuana use. A 1 represents the 
average momentary affect for a period of 1 hour preceding marijuana use, A 3 is the average 3 
hours preceding marijuana use, etc. 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary affect for a period of one hour following marijuana use, S 3 is the average over 3 
hours following marijuana use, etc. 
Figure 26e 
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Figure 27a: Adjusted 8 relative odds of experiencing high negative affect during 
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8 0dds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T # = Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 27b: Adjusteda relative odds of experiencing high negative affect during 
times subsequent to marijuana use relative to background times when using 
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8 0dds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T #=Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 27c: Adjusteda relative odds of experiencing high negative affect during 
times subsequent to marijuana use relative to background times when using 










































aOdds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T #=Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 27d: Adjusteda relative odds of experiencing high negative affect during 











































8 0dds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T # = Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
204 
Figure 27e: Adjusteda relative odds of experiencing high negative affect during 
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aOdds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T #=Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 28a: Adjusteda relative odds of experiencing high positive affect during 
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8 0dds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T # = Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 28b: Adjusteda relative odds of experiencing high positive affect during 
times subsequent to marijuana use to background times when using marijuana to 
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aOdds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T # = Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 28c: Adjusteda relative odds of experiencing high positive affect during 
times subsequent to marijuana use to background times when using marijuana 
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aOdds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S #=The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T # = Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 28d: Adjusteda relative odds of experiencing high positive affect during 
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aOdds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T # = Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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Figure 28e: Adjusteda relative odds of experiencing high positive affect during 
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aOdds ratio (95% confidence interval) adjusted for time of day, time of week, age, race/ethnicity, 
and depressive symptoms 
bDependence is defined as meeting criteria for Cannabis Dependence Disorder with Physiological 
Dependence based on the Adolescent Diagnostic Interview 
Label Key 
S # = The number of hours of subsequent to marijuana use. S 1 represents the average 
momentary for a period of 1 hour following marijuana use, S 3 is the average 3 hours following 
use, etc. 
T #=Threshold of high affect in standard deviations above mean. T 0.10 is the odds of affect 
0.10 standard deviations above mean levels, 1.00 is the odds of affect 1.00 standard deviations 
above mean levels, etc. 
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CONCLUSION 
We found evidence that alcohol advertising increases alcohol expectations 
and increases the risk of drinking initiation over 12 months for early adolescent 
boys, after controlling for a wide range of potential confounders. As we 
hypothesized from Alcohol Expectancy Theory and Priming Theory, the 
association was non-linear, with greater increases in alcohol expectancies and 
greater increases in the odds of drinking initiation at lower levels of advertising 
exposure. The results provide evidence that relatively low levels of alcohol 
advertising may be working to shift cognitions and increase risks for initiation, 
independent of other known influences on drinking behaviors such as personality 
traits, peer and parent drinking behaviors. Further, once these cognitions have 
developed, incremental advertising exposure appears to have diminishing 
influence. 
We found these results were robust to a number of potential biases by 
conducting multiple sensitivity analyses. We found that any potential unknown or 
unmeasured confounder would need to be very strong, that is having low 
prevalence among youth seeing few alcohol advertisements, high prevalence 
among youth seeing many alcohol advertisements, a strong association with 
drinking initiation, and have a low correlation with all covariates already being 
controlled. It is not apparent what confounder could fit this profile, and thus we do 
not believe confounding can explain our results. We also found it to be unlikely 
that selection bias was introduced by the selection of our analytic sample. 
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However, we did find that differential misclassification of drinking initiation status 
at levels of 5% or higher could explain away these findings. Therefore, further 
research may be needed, with particular emphasis on validating drinking initiation 
status, to assess the impact of any misclassification bias on these results. 
We did not find consistent evidence of an association between alcohol 
advertising and alcohol expectations or drinking initiation for girls. We 
hypothesize that this difference in response for girls may be associated with the 
content of the advertising. Advertising messages have the greatest influence 
when the viewer can relate to the message. Most alcohol advertising content in 
the time period of this study had masculine themes relating to sports, 
camaraderie, product quality or heritage. These messages may not have 
appealed to girls. In recent years, alcoholic beverages and advertising 
specifically targeted to females have been developed. Further research should 
be conducted to see if these associations have changed for girls. 
We found evidence that parents can set some limits to reduce the risk of 
drinking initiation for their children beyond being cognizant of their own drinking 
behaviors and creating a supportive relationship with their child. We found that 
children who reported they could set their own bedtime on weeknights were at 
higher risk of drinking initiation, while controlling for lax parenting styles and 
adolescent trait factors that may have potentially confounded the association. We 
also found that girls who reported they could chose which programs and how 
much TV to watch also had an indication of higher risk. Thus, it may be important 
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for parenting guidelines to protect children from alcohol include media monitoring 
recommendations. 
We found some interesting sex differences in the association between 
adolescent freedoms and drinking initiation. We found that boys who were free to 
choose the people with whom they associated were at higher risk of drinking 
initiation, but not girls. Further, we found that boys who were free to set their own 
time to come home on weekends were at reduced risk of drinking initiation while 
girls who reported this freedom were at increased risk. The reason for this sex 
differences is not immediately apparent. It is possible that sex differences in 
psychological reactance could explain the protective effect for boys, in that boys 
who are given this freedom aren't as likely to act in a rebellious manner. 
However, further research is required to better understand these sex differences. 
Finally, we found initial evidence that a case-crossover method may be a 
viable alternative to traditional correlated data analyses for analyzing ecological 
momentary assessment data. The case-crossover method produced results 
similar to that of a GEE model under circumstances when then outcome time 
window was relatively long. Under circumstances when the outcome time interval 
was restricted to a smaller time period, the case-crossover method appeared to 
amplify the results in a manner similar to the strengthening of effect estimates for 
rare outcomes in prospective studies. 
We used this case-crossover method, along with traditional correlated 
data methods, to show that negative affect following marijuana use was elevated 
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relative to background times, except for those times when marijuana was being 
used to cope or conform. Under those circumstances, negative affect returned to 
background levels within 6 hours following marijuana use. We also found that for 
persons with cannabis dependence, positive affect increased following marijuana 
use while for those without dependence, positive affect decreased. 
These new insights into elevated negative affect following marijuana use 
for persons using marijuana for pleasure or social reasons may be important for 
prevention and treatment efforts. Given the increased risk for using marijuana 
during a state of elevated negative affect, and given the potential for increased 
negative affect following marijuana use, it is possible that use could escalate into 
a vicious cycle. For those using marijuana to cope or conform, it appears that 
marijuana is providing some relief from negative affect. This insight may inform 
treatment with cognitive behavioral therapies to replace substance use with other 
means of managing affect. Similarly, insights into the differential positive affective 
response following marijuana use for those with and without dependence may 
help recreational users learn that marijuana use may not be improving their 
affect, and help those seeking treatment find alternate ways of regulating their 
affect. 
This research provides valuable information about differing roles of 
advertising media and parents in the battle to limit the public health damage from 
early alcohol initiation, and contributes new research techniques to help 
understand adolescent health behaviors in real-world contexts. Alcohol is one of 
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four modifiable risk behaviors that are contributing to the global epidemic of 
chronic disease. The alcohol industry, regulators, media companies, parents, and 
children should all be made aware of the potential for increased harm from 
adolescent exposure to alcohol advertising. Parent education programs should 
be updated with evidence-based recommendations for preventing or delaying 
initiation. Finally, research should continue to refine our understanding of the 
triggers of substance use and responses to its use in real world contexts. 
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Doctoral Research , November 6, 2013. 
16. Ross CS, Naimi TS, Dejong W, Siegel MB, Ostroff J, Jernigan DH. 
Selection of Branded Alcoholic Beverages by Underage Drinkers. Society of 
Adolescent Health and Medicine Annual Meeting, Austin, TX March 2014. 
[WINNER-NEW INVESTIGATOR AWARD] 
POSTER PRESENTATIONS (invited) 
1. Ross CS, Bickham OS, Shrier LA, Rich MO. Media Involvement and 
Alcohol Initiation among Young Adolescents: A Prospective Study Using 
Measuring Youth Media Exposure (MYME}, Society for Adolescent Health 
and Medicine Annual Meeting, New Orleans, LA, March 2012. 
2. Christensen C, Bickham D, Ross C, Rich M. Viewing Context Predicts 
Adolescents' Attention to Television. APS Annual Convention, Washington 
DC, May 2013. 
3. Cukier S, Eck R, Ross CS, Borzikowski D, Jernigan DH. D'Oh! Homer 
never has a hangover and Marge always takes him back. American Public 
Health Association Annual Meeting, Boston, MA, November 2013. 
4. Ross CS, Ostroff J, Jernigan DH. Strategies for reducing youth exposure 
to alcohol advertising on cable television in the United States. American 
Public Health Association Annual Meeting, Boston, MA, November 2013 
5. Sparks AC, Ross CS, Jernigan DH. A better advertising standard? An 
analysis of the compliance of Beam Inc. alcohol brands with the company's 
voluntary placement restrictions. American Public Health Association Annual 
Meeting, Boston, MA, November 2013 
6. Ross CS, Sargent JD, Jernigan DH, Siegel MB, Tanski SE, Weinberg J, 
Shrier LA, Aschengrau A, Brooks D. Alcohol advertising and Alcohol Initiation. 
Boston University School of Public Health Research Day, Boston, MA, 
November 2013. [WINNER- PhD CATEGORY BEST POSTER] 
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PROGRAMMING AND MODELING LANGUAGES 
Experience using Latent Gold, SPSS, SAS, S-Pius, Win BUGS, R, and 
MatLab. Most proficient in SAS. 
Database design and administration experience in Oracle, Sybase, and 
SQL *Server with greatest proficiency in SQL *Server. 
Experience in many programming languages from machine code to 4GLs. 
Most recent experience programming in VB. NET with expertise in Microsoft's 
ADO. NET data administration object framework. 
PERSONAL 
Married to Denise Nelken, PA-C for 28 years and father of Evan Ross (age 23) 
and Andre Ross (age 21) both adopted from Bogota Colombia. Very active in 
Natick community, most recently leading an award-winning, 2-year strategic 
planning process for this town of 30,000 residents. Interests include music, art, 
baseball, and woodworking . 
COMMUNITY LEADERSHIP AND VOLUNTEER ACTIVITIES 
Co-Chair, Natick 360 Strategic Planning Initiative, 2006-2008 
Natick Community Support Initiative (Natick:CSI) Advisor, 2007-2008 
Strategic Planning: Congregation Beth El of the Sudbury River Valley, 2006-2007 
Communications Plan: Congregation Beth El of the Sudbury River Valley, 2007 
Chair, Natick Strategic Planning Study Committee, 2005-2006 
Elected Town Meeting Member, 2002-Present 
Natick Finance Committee, 2001-2006, Chair General Government 
Subcommittee, 2005-2006 
Natick Surplus Property Advisory Committee, 2000 
Founding Board Member, The Center for Arts in Natick (TCAN), 1997-1999, 
2001-2007 
Natick Public Schools, Technology Strategic Planning Advisory Committee, 1997 
Music Director, Mandala Folk Dance Ensemble, 1984-1985 
Musician, Mandala Folk Dance Ensemble, 1982-1985 
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